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INTRODUCTION' 


ond Slaiisiidan. and I'Lmer 
A<^ricuUuTcl Sia- 


In 1906 Rommel and Phillips ■ rqjorted an investigation into the 
inheritance ot the size of litter in the female line in Poland China sows 
based on data of the American Poland China Record. In 1907 there 
was published a statistical analysis ol data from the records of Weldon ® 
on heredity in the size of litters in mice. 

The present investigation resembles somewliat the above investigations 
in that it is concerned with the question of ihe likeness of animals and 
their offspring with respect to being bom as singles, twins, or triplets. 
We are concerned with the question whether and to what extent the 
offspring of parents born in twins and of grandparents born in twins are 
more likely to be twins than if these ancestors are born as singles. 

Stated in another way, when we know that certain animals of a given 
breed or class and certain of their ancestors are born as twins or triplets, 
is there greater probability that the ofTspring^will be twins or triplets than 
if the animals were bom as singles? 

Our problem may be made clearer by asking a question that covers 
only part of the problem: Does the subclass of sheep of a certain breed 
which consists of those born as twins tend to beget twins in larger pro- 
portion than the subclass that consists of those born as singles? 

In the Journal of the Royal Agricultural Society of England* there 
appears a statement of some of the possible causes that are favorable 
to the production of twins. It is there stated that “there is some reason 
to believe that twin lambs produce more twnns than single lambs, and 
that the influence of heredity is brought to bear.” The main purpose 


1 Rcumnel, G. M., and PhiUijis, E- P. Inheritance in the lemate line of site of Utter in Poland China 
Sows, In Biometriks, v. s, pt. i/j. p. so^-jos. 1906. 

MWeldon.W.F.R.] On heredity inmice from thprecordsof the late W.E. R- Weldon. /nRir.meUika, 

5. Pl. 4, p. 436-449. 1907. 

* Heape, Walter. Abortion, barrenness, and IcrtiUty in sheep; an alMraci ol records obtained lor the 
year iSg6-97. In Jour. Roy. Agr. Soc. England, s. 3. v. 10, pt. 2, p. 236. iSi>9. 
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of the present paper is to submit an analysis of data with a view to testing 
the foundations of such a belief when we are dealing with a class of pure, 
bred sheep. 

To indicate birth as a single, in twins, or in triplets, we use the symbols 
"i " for single, “a ” for twin, and “3” for triplet. 

SOURCE OF DATA 

The source of all our data is the American Shropshire .Sheep Record. 
We have taken individuals with numbers from 325502 to 344869,' and 
have looked up their parents and grandparents with respect to the state 
of birth in singles, twins, and triplets. 

All cases are omitted where either parent is imported, for the reason 
that the English records do not show whether an animal is born single, 
in twins, or in triplets. 

Eor each of the offspring above mentioned, with American-born 
patents, we have made a card, showing whether this animal is born in our 
symbolism as a i, », or 3 and showing in which of the states i, 2, ot3 
its parents and nonimported grandparents are born. 

DISCRIMINATION IN FAVOR OF OR AGAINST RECORDING TWINS 

In beginning this investigation we made some inquiry concerning 
possible discrimination in favor of or against the recording of twins, and 
found no reason to believe that there existed such discrimination. In 
the Journal of the Royal Agricultural Society of England,* we find that 
46.84 per cent of Shropshire ewes involved in the data there analyzed 
have twins. This would mean that nearly 64 per cent of the lambs born 
ate twins. But the percentage of lambs bom as twins and triplets that 
we have found in fairly large classes of offspring does not seem to exceed 
43, which is very different from 64 per cent. The difference seetns to mean 
that either Shropshires in .\merica are less fertile than in England or 
there is discrimination against twins in the matter of recording. This 
does not mean that the discrimination is made directly against twins, 
but probably in an indirect manner for some such reason as the better 
development of singles when the selections are made. However, for the 
main purpose of our problem, we are concerned with the elimination of 
discriminations where one would record twins or singles because certain 
ancestors are twins or singles-that is, we are concerned with the elimina- 
tion of the kind of discrimination that would give an affirmative answer 
to the question. Do breeders tend to record an increased or decrease 
proportion of twins on account of the fact that certain parts of the 
ancestry consist of twins or of singles? Such discrimination is dou es 
much less likely than a more general sort of discrimination that w.ou 
lead to the recording of a larger or smaller proportion of twins t a w 
find in a random sample. 

1 American Shrogshite Sheep Record, V. »s, p. 1-1314- * Heape. Walter. Op.cit.p 
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There are some cases where owners of 


recorded from the same sire in two consecutiv 


sires of large production 1 


of the years and nearly all twins in the other 


e years all singles 


year. Such cases uiake 


appear that these few owners tend to select twins or singles in nnti,,., 
records. The following section, “Repetition of sires and pat'cr.d 
grandparents,” shows how we have treated such special cases 


repetition of sires and paternai, grandparents 

One sire may belong to a large number of recorded offspring although 
this happens m relatively few cases; for example, there is a case in 
which one sire belongs to as many as 135 recorded offspring in the 
period for which we have examined offspring, and this fact is mil to be 
neglected in making a critical examination of our data. In fact, a few 
such cases of large production with discrimination against either twins 
or-singles might vitiate our results on the correlation of offspring with 
sires and grandsires. On account of the fiossibility of error from this 
source, we arrange a tabic, scfiarating the offsiiring of caeh sire into 
singles and twins. From this arrangement of data it is fairly clear that 
certain cases of extreme percentages of singles or twins from a sire of 
large production should be excluded from data used in the calculations 
of statistical constants. Wc fix criteria somewhat arliitrarilv as follows; 

(1) Cases are excluded where a sire has more than to recorded offspring 
that are all singles or all twins. 

(2) Cases are excluded where a sire has more than 20 recorded offspring 
if the difference in percentage of twins among this offspring and among 
the general papulation of offspring is more than three times ihe probable 
error of the difference. 

While we exclude from our calculations the part of the data just 
mentioned, we give sucli data in Tables XV, XVI, XVH, XXXV, and 
XXXVI, in order that anyone who may consider the above criteria for 
exclusion too stringent or too lenient may have available for criticism 
such excluded data. Tables I , IX to XIV, XVHI, and XX\ I to XXXII 
involve data about sires and do not include data concerning those cases 
of high-producing sires which are to be excluded from our calculations 
of statistical constants. 


ANALYSIS OF DATA FOR SIRES, ll.AMS, .AND OFFSPRING 

Table 1 (A) shows the frequencies with which sires and dams bom in 
states i-i, 1-2, 2-1, 2-2, 1-3, 3-1, 2-3, .3-2, or 3 3 beget recorded 
offspring bom in states i , 2, or 3. In this notation the first nuniber of a 
pair refers to the sire and the second to the darn. Thus, j-2 means that 
the site is born as a single and the dam as a twin. To illustrate further 
the meaning of the table, consider the number 1,276 in the column 
marked “1” and in the row marked “2-1.” This means that 1,276 off- 
spring out of the total of g.aqt are singles with twin sires and single dams. 
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Table 1{A).— Correlation between size of litter in which offspring are born and she nf 
Utter in which pairs of parents are born J 


Sires and dams. 

Offspring. 

Tutal. 

■ 

< 

3 


2,018 

I, 026 

996 


3'®59 


1.430 



800 



867 

661 


550 

53 

17 



29 ! 






21 

20 



10 

21 


33 

11 



2 







5. M 

3, 

64 

r, onr 


h 9 


• r-=o.o8So±o.oo70, 

where r is the correlation coefficient between the sum of numbers in litters in which 
sire and dam are bom and the number in corresponding litters in which offspring are 


bom. 

Means of arrays of offspring: 

(1) When sire and dam are singles i. 3452 ±0, 0059. 

(2) When sire is single and dam is twin 1. 4i7iio. 0067. 

(3) When sire is twin and dam is single i. 3946^0. 0073. 

(4) %Ti€n sire is twin and dam is twin i. 4548±o, ooS 3 . 

(5) When either sire or dam is a triplet i. 6o76±o. 030. 

Mean of all offspring i- 3979 i®- ®® 35 - 


Table 1 (B) simply e.xhibits percentages of singles, twins, and triplets 
among offspring that belong to different kinds of parents. It seems 
from this table that the percentage of twins among offspring of twin 
parents is greater than that among the offspring of single parents. 
From the means of arrays of offspring in Table 1 (A), we note that the 
differences are significant when judged by their probable errors. The 
correlation between the sum of the numbers of lambs bom in the litters 
in which the two parents are born and the number in the litter in which 
the offspring is bom, given by 

r = 0.0880 io.ooyo, 


is a significant positive correlation. 

Table 1(B). —Percentages of offspring bom in slates I, 2, and J, to correspond to states 
i-i, 1 — 2 , 2-1, . . . of sire and dam 



« This row ol percentaecs is obtained by groupine tog«thcr 
Even when thus grouped, the number of offspring is small. 


Offspring. 

e 

3 

33- 54 

a 50 

40. 89 

.41 

38-31 

• 58 

42.65 

1 1,42 

54- 43 

1 3-1- 

1 38- 4T 

j .69 

ere either parent is a triplet 
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TABI^ES FOR DAMS AND OFFSPRING 

Table 11 (A) shows the frequencies with which recorded offspring 
in states i, 2, and 3 have dams bom in these states, or the frequencies 
^th whicb dams bom in states i, 2, or 3 beget recorded offspring „i 
states I, 2, or 3. 

TABl.ElI(A).-Corrclo«<m bei^en iue of Utter in rekick offifring ore born and rhe e'l 
litter tw which dains arc born ^ 


d™,. 

Offjjiriiij. 

Tuul 




i 

?• 784 

^.046 • 27 

5- 857 



•rVj®' 40 

4. 55& 




119 

Total 

6,4z8 

i 

1 4. 034 j 70 

1 ’OiS,!® 


r= 0 -o 86 yio.oo 65 . 


Means of arrays of offspring: 

(i) When dams are singles 3585 ±o. 004, ^ 

{2) When dams arc twins i. 44i2±a 0051. 

(3) When dams are triplets i. 338 ±0, 034. 


Table 11 (B) simply converts into the form of percentages the fre- 
quencies given in Table 11 (A), so that the essential points of interest 
may be grasped more easily. From means of arrays of offspring in 
Table 11 (A), we note that there is a significant tendency for twin dams 
to produce a larger percentage of twins than is produced by single dams. 
The correlation is given by 

r == 0.0869 ± 0.0065 . 

Table ll{B).~Perc€ntages nf offspring horn in states i, 2, and 3 to correspo nd !o states 
r, 2, and 3 of the dams 


OfT^pring. 

i , 

64. 61 I 

34 - 95 

j 

0. 46 

i ,6. 76 ! 

42. 36 

.88 

i^J 

48.7 

2-5 


ANAI,YSIS OF DATA FOR DAMS, MATERNAL GRANDPARL-NTS, A-D 
OFFSPRING 

Table ni(A) represents the distribution of offspring, dams, ami 
maternal granddams with respect to states 1 . 2, and 5. ["o illustrate ’ 

meaning of the table, consider the number 1,393 *■'* Tthp 

I and in tliP rmv i-i This means that there are 1,39,, <> 
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total number of offspring that are singles with single dams and twin 
maternal granddams. 

Dams and granddams are repeated so as to let all the recorded offsprin 
appear. Since we do not know in which of the states i, 2, or 3 imported 
sheep were bom, we have to omit all cases of imported granddams 


Table nJ(A).— Correlation between offspring and maternal granddams^i 


Dams and maternal Kr^ddatns. 


2-2. 

I-’J' 

3 - 1 - 

*-3- 

3 -a. 

3-3- 


Total . 


Offspring. j 

1 . 

1 

= 

i \ 

2, tyo 

T.ogS 

17 


79S 

7 

■ ^3*2 

935 

12 

1 1, 126 

881 

22 

: 34 

30 


: '9 

t 

I 

1 *7 

20 

4 


21 

2 

1 

8 


6,110 

1 

3,818 

65 


3^285 

2, 196 

2-259 

2,029 

64 

40 

60 

49 


9> 993 


Means of arrays of offspring: 

(i) When dams and granddams arc singles i. 3446±o, 0057. 

(a) When the dams are singles and granddams twins. ... t. 3689±o. 0070, 

(3) When the dams are twinsand granddamsare singles, r. 4245^0. 0071. 

(4) When the dams are twins and granddams are twins. . i. 4559^0. 0078. 

(5) Wlien either dam or granddam is a triplet r- 545 i®- ®37- 


Table III(B) exhibits the percentages of offspring bom in states i, 2, 
and 3 for dam and maternal granddams bom in various states. 

Table 111(B). -Percentages of offspring in stales /. 2, and j to correspond to states 
i-i, 1 - 2 , 2 - 1 . 2 - 2 , of dams and maternal granddams 


Dams and maternal granddatn^. 


1- I 
1-2 

2 - 1 
2-2 
(a). 


Off'ipriti-.;. 


■ 

= 


66. 06 

33 ‘P 


43-43 

36- 45 


58. 08 

41-39 


55 - 5 ® 

43-42 


48. 66 

4I 21 



See footnote. Table 1(B). 
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It is to be noted from Table in(B) that the percentage of mins 
varies from 33.42 to 48.21, there being a gradual increase in perccnta"e 
of twins when twins and triplets occur as dams and granddams. The 
greatest influence we should asrjibe to the twin dam, as the occurrence of 
the twin granddam does not increase the percentage nearly as much as 
goes that of the twin dam. 

We hesitate to calculate a correlation coefficient from Table lll(,\), 
lor the reason that we have no single number to mark each sclcclctl 
array and would not feel justified in giving an interpretation to a correla- 
tion coefficient obtained by taking the sum or mean value of the two 
numbers associated with each array. We might weight the dam and 
granddam, but such a system of weights would in the present state of 
knowledge be little better than a set of guesses. 

We may note from the means of arrays and their probable errors that 
there can be no reasonable doubt about the significance of the difference 
in means when in one case the dams are singles and in the other they 
are twins. Further, it is to be observed that there appears to be a 
slight influence of twin maternal granddams in increasing mean values. 
Such influence is not, however, nearly so surely established as is the 
influence of the dams. In fact, the difference in the case of single and 
trrin granddams with single dams is not quite three times the probable 
error. 

Table IV shows the frequencies with which maternal granddams born 
in states t, 2, or 3 beget recorded offspring born in states, i, 2, or 3. 
There is a significant correlation given by 

(■=0.0433+0.0067. 


Table I V . — Correlation bel'aecn o^rprlng and maternal granddamj 




Oflsitfitij. 

Meternat granddaoi'-. 

i , 1 
1 

2 .5 


>01 i 

•j. 0?' 3 *^ ; 


l,6gS 31 . 4 i -,4 

64 

6; 4 , 


1 

(1. 1 10 

1 

1 3.818 6;; (|,W) 


L_ — ' — — 


Meairs of arrays of offspring: -s,+o 001'. 

(1) When the raatcnral granddams are singles ' ^'20-0 00-^ 

(2) When the matemal granddams arc twins ' 4120-^ ^ 3 ■ 

(3) When the maternal granddams ate trrplcts ,u 

Table V(A) represents the distribution 
tcrnal grandsires with respect to states 1,2 . 0 ^ 

to that of Table IH(A). Here again, when dams 
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from the percentages in Table V(B) that the percentage of twins increases 
but there is no significant difference between the percentages of twins 
produced by single dams whose sires are singles and by single dams 
whose sires are twins. Further, there appears to be no significant differ 
ence between the percentages of twins produced by twin dams whose 
sires are singles and by twin dams whose sires are twins. Further Table 
VI shows the frequencies with which maternal grandsires bom in states 
I, 2, or 3 beget offspring born in states t, 2, or 3. From this table we 
obtain the correlation coefficient 

r = o. 0042 ± o. 0073, 

which is so small that wc arc unable to assert the existence of any sig- 
nificant correlation. 


Table V(A ). — Corrclaiion between offspring and maUrnol grandsires 


Dams and maternal 

Offsprinc. 


‘ 

> 

s 


1.751 

1. 159 
I.I59 
818 

38 

20 

25 

21 

929 ; 
596 
894 
596 
27 
32 
21 
18 

2 

13 

17 

19 

I 

3 i 

I 

3,682 

1, 768 

2, 070 

1=433 

66 

55 

47 

39 










Total 





4,991 1 

3 . 113 

56 

8, 160 


Table V(A) does not include so many records as previous tables be* 
cause imported grandsires can not be included. 

T.ablE V(li ). — Percentages of offspring m states i, 2, and 3 to correspojid io states 
I-I, 1-2, 2-1, .... of the dams and maternal grandsires 


Dams and maternal grandsires. 

Offspring. 

3 


65. 29 
6S' 55 
55- 99 
57. 08 
50- 24 

34- 64 
33- 71 
43- 19 
41- 59 
47- 34 

0.07 

•74 

.82 

1-33 

2.42 

1-2 


(o) j 

^ ’ 1 

1 

61. 16 

38- =5 

.69 



Sec footnote. Table 1 (B). 
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Table VI. -Correlation betwem ofsprin, a„d 


M&teraal srandures. 

Offspring. ; 




■ 

■ 

i 1 

Tutal. 





— 




32 

4. S07 


'h 


32 

3i240 


_ 

2 

”3 


4,99: 

1 3.11,3 




8, 160 


f=0.OO42 ±0.0073. 

Means of arrays of offspring; 

(j) When maternal grandsires are singles (sosj. 

(j) When maternal grandsires are tsvins i-SW ±0.0045! 

{3) When maternal grandsires are triplets ,,460 ±0,034.' 

Tables Vn(A) and VII(B) are correlation tables for maternal grand- 
dams and dams. These tables show correlation between dams and 
offspring just as Tables n(A) and 11(B) do, the only difference being 
that the offspring is in this case limited to the females who themselves 
become dams. 


Table VII(A ). — Correlalion betwen dans and matemol arandiams 


Dams. 

Total. 



s 


1.813 

37 

4 . 604 


1.570 

45 

3 i 425 

i 54 

45 

9 

108 

Total 4.^18 

3.4.S 

91 

8, ‘37 


r=o.077o±o.oo;4. 

IjDlfi Vn(B),— Prta-ntojra of dams in stales 1. 3 , and 3 to conespond to stalls l, 2, 
and j of ihe maternal granddam 




Maternal gTaiiddams. 

I ’ 


59.82 

39.38 



Sr. 85 

45. 84 


50. 00 

41. 67 




Based on total 
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The correlation coefficient computed from the data of Table VII jj 
r = o. 0770 ±0. 0074. 

This correlation is significant when judged by its probable error, and 
it does not differ significantly from the correlation between dams and 
offspring as found from Table 11 (A). 

Table VIII(A) is a cojfelation table for maternal grandsires and 
dams. This is the case of the correlation of sires with female offsprino 
with respect to birth as singles, twins, or triplets. The correlation co- 
efficient is 

r = 0.0066 ± 0.0075. 

This result makes it somewhat probable that there is no correlation 
between sires and their female offspring with respect to the character in 
question. We shall investigate this matter further by the separation of 
offspring with regard to sex. (See Tables XXV and XXXI.) 

Table VIII(A).— Cowteiton between darns and maternal grandsires 


Materaal graadsires. 

Dams. 

■ 

3 

3 


i 2,255 

1 

1 ” 

1,665 
It 145 
48 

4 S 3 , 965 

31 ; 2,690 

Total 


■ 3,826 1 2,858 

76 ; 6, 760 


r=o.Oo66±o.oo75. 


Table VllliB).— Percentages of dams in states l, 2. and J to correspond to stales 
I, 2 , and J of the maternal grandsires 


Maternal grandsires 

i 

Dams. 

1 * 



56.87 

41. 99 


42. >7 

: '54.20 

45. 71 




. ! <;6. 60 

42. 28 

! 



ANALYSIS OF DATA FOR SIRES AND OFFSPRING 

Tables IX(A) and IX(B) are analogous to Tables 11 (A) and 11 ( 0 ), 
where the dams are replaced by sires and where certain abnormal cases 
are excluded in accord with criteria given under “ Repetition of sires an 
paternal grandparents.” 
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Table betuxn ogsjirlng ariiji,,! 

Offsprini;. 


3 . 472 

2, 164 


2,051 : 
47g 
39 


?■ 548 
3,oSo 
9 s 


Total. 


3-569 


64 ' 


r=0-0527io.C070. 

Means of arrays of offspring: 

(t) When the sire is a single 

(2) Wlien the sire is a twin 

(3) When the sire b a triplet 


4 ' 3787 io. 0045, 
I. 4250ro 0057 
4-683 iO-O-lj. 


Table IX(B).— PeranWS" “f offsprini) lu states l.' 2, an-l 3 to nruspeoj la states, 
I, 2 . and j 0/ the sim 


Sires. 


Based on total . 


< 

Oflspriog. 

i 

62, 58 

56- 97 

0. 45 

58. 80 

40. 19 

I. 01 

34. 92 

61.90 ' 

3 ' 

6a <;3 

. 38 - 41 , 

a 69 


While the same sort of tendencies are to be noted in the examination 
of these tables as with Tables 11(A) and 11(B), it seems that the tendenev 
of twins to produce twins is less marked and that the correlation is 
given by 

f =0.0527 

If we had excluded none of the offspring of large, producing «rcs with an 
abnormal proportion of recorded trvins or singles, we should have obtained 

r = 0.0294 ±0.0066. 

We think ther^ is. however, little doubt that it would be improper to 
include for purposes of calculation at least moat of the eases 

excluded. , . 4ri,rift 

We may well note the increase in means oE arrays for turn a 

In order to examine a little more critically 
twin sires tend to have a larger number of Iwm olTspri g - ^ 

sires, we have invented an 


index number for each sire. This number is 



490 


Journal of Agricultural Research 




formed by marking with a “i ” each of the offspring born single and with 
a “2 ” each one bom in twins and next by finding the arithmetical mean 
of the numbers that belong to the offspring of any sire. Clearly if 
the offspring of a sire were singles, under this scheme his index number 
would be I, while if all were bora in twins, his index number would be 2 

Next, finding the arithmetical mean of the index numbers for all the 
sires, we have a sort of measure that enables us to compare the tendency 
of twins to produce twins and without giving weight to repetitions of 
the sires to correspond to each individual offspring. 

It results that the following numbers are associated with sires born as 
singles and sires bom twins. 

For all sires born in singles, we have the mean value 1-3300^0.0078 

For all sires born in twins, we have the mean value i.38o±o,oio. 

These results show a larger relative production of twins by twin sires 
than by single sires. The difference, however, is only about four times 
the probable error of the difference. This surely means that it takes 
father large numbers to establish the significance of the difference if 
such difference exists. 

In making the application of this scheme of index numbers, we came 
upon an interesting form of frequency distribution that seems to occur 
but rarely. In these distributions the most frequent values arc at the 
index numbers i and 2. The modal values are thus at or near the ends 
of the range. The following arc the distributions: 


Sir«$ bora in sioglcs. 

Sire$ born 

in l\rios. 

Index 

Fre- 

Index 

Fro- 

number. 

fjuency- 

number. 

quency. 

I. 0 

586 

I. 0 

342 

I. I 

19 

I. 1 

14 

I. 2 

57 

r. 2 

*9 

r-3 

66 

r-3 

56 

1.4 

51 

T. 4 

33 

1-5 

72 

I. 

49 

1.6 

47 

I. 6 

25 

• ' 7 

68 

1-7 

52 

1.8 

30 

1.8 

26 

1.9 

27 

T.9 

II 

2. 0 

170 

2. 0 

126 

2-3 

I 

2 . I 

2 

2.5 

3 

2-3 

T 

3-0 

4 

2-4 

£ 



2-5 

2 



3-0 

8 


The large numbers at or near the ends of the range are to be accounted 
for, in part at least, by the fact that a considerable number of sires have 
only one recorded offspring. In such cases the index number must be 
I or 2. It can not have an intermediate value. Next, with only a few 
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offspring recorded, say. with two individual offsprinv records - T 

number may fall only into one of the three classes , ^ ^d'emdex 

neglect the rare case of triplets. For index numl*r^ approaehb''?,'''r 
not equaHng i. a larger number of offspring is required- for examnl, , 
would require at least 7 offspring, 6 bom in singles and , in hvi^ 
enter the class i.i, and it would require at least 6 twins and i sinde to 
enter class 1.9. ' 

These facts seem to account for the smaller numbers contiguous to 
the ends of the range than are found at other intermediate points. 


analysis of data on SIRhS AND PATERNAL GRANDPARENTS 

Tables X (A) and X (B) represent the distribution of paternal grand- 
daros and sites of offspring treated in Tables II and IX. The means of 
arrays show that the tendency to produce twins is increased by the use 
of twin sires instead of singles sires, but that this tendency is not changed 
significantly by the use of twin paternal granddams instead of single 
paternal granddams. 

This result is further supjxirted by obtaining from Table XI(A) for 
the correlation coefficient 

r= - 0.010010.0084. 


We are thus unable to assert the existence of a significant correlation. 


TabiB X(A).— Corre/atwu belueen offspring ani palirnai granddams 


Offsiirinj. 


Sic« and paternal granddams. ; : Tutal, 


» i .1 


l-I 

It >74 

937 

1 3 

2, 526 

2,019 

ii 474 


i>26q ; 

742 

593 

57S 

8 

n-f 

855 

26 


894 , 

- 

It 479 

T-1 

• 43 ' 

26 

: 

70 

43 

‘ i 

2-1 

20 1 

21 

2 


36 1 

32 


68 

3 ^ 


21 


23 



3“3 

, i 





Total 

■ j 

4 ,tQ 3 j 

2,950 

59 

7, 702 


Means of arrays of offspring; 

(1) When sire and paternal granddam are singles i- 382810. 0067. 

(2) When sire is a single and paternal granddam is a twin. 1.3734=0.0072. 

(3) When sire is a twin and paternal granddam is a single. 1.4376^0.^3. 

(4) When sire isa twin and paternal granddam isatwin, i. 4 c> 03 i®' 

(s) When either sire or paternal granddam is a triplet, . . i- 3 ^° 
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Table X{'B).~Percentages of offspring in slates i, 2, and 3 to correspond to sin} 

1-2, 2-1, . . . of the sires and paternal granddams ^ i-i, 


Sires aad paternal erAnddams. 

Offspring:, 

, 



62.31 
62. 85 

58. DO 

60. 45 
49 - SI 

37 '° 9 ! 0.60 

36.7s, .40 

35 '° 8 i .1] 

45.0, 1 ,4 



2-2 

(”) 

60.93 

38.30 



“See iootnote. Table 1 (B). 

Table XI(A}. — Correlation beltceen o^spring and paternal granddans 



Offsprinj;. 


’ 1 ■ i 


’ 

3 

1 1 

; 43 1 

: i 

‘.341 

58 






Total 

4,^03 

! 2. 930 

1 

59 


r= — o.oiooio.0084. 


Table XI(B ). — Percentages of offspring in states /, 2, and j to correspond to slates 
1, 2, and 3 of paternal granddams 


Paternal granddams. 

- — 

Offsprinc. 

J 


60.37 

1 61. 49 
! 57 - 2 

''^6 

: 1, or 

3 

i 38.08 

42. 0 

! -43 

i .8 

1 


Tables XIl(A) and XII(B) represent the distribution of pateraal 
grandsires and sires of the offspring treated in Tables II and IX. Here 
again we note that there is no significant difference whether paternal 
grandsires are singles or twins. This conclusion is further supported by 
obtaining from Table XIII(A) the correlation coefficient 

r= — o.oi47io.oo97. 

We are thus unable to assert the existence of a significant correlation. 



,,.5 Resemblance oj Parents mul O fjsprin^ of Sheep 

Table XU(A).-Cor„lalio„ betmen aff,p,in, 



Means of arrays: 

(1) When sire and patem.^l grandsirc arc singles i. j627±o. x**, 

(2) When sire is single and paternal gn-uidsifc is a twin . i. 346 oio.c 4 g^ 

(3) When sire is a twin and paternal grandsirc is a single. 1.43814:0.011, 

{4) When sire is a twin and paternal grandsirc is a twin. 1.402110.013. 

(5) When either sire or paternal grandsire is a triplet . . . i. 516 ±0. 054. 

Tabu XII(B).— Percentojer of offspring in slates /, 2, and j (0 correspond to slates 
. . . 0/ f/ie riffj oni ^randnVef 

j Ortsiifinc. 

Sires and i«fcernal gtaodsiies. j ; - 


I <^ 4 - 34 i 3 S'C '5 O' 61 

: 6d. 30 ; 32. 79 .91 

' 56. So I 42. 60 .60 

i 61.51; 36." 3,72 

(0) ■ 56-45 ^49 ^'06 

Based on total 62.65! 36-39 1 -96 

! ' 


Based on total 62.6$! 36-39 1 -96 

! ' 


0 SJi't note, Tabk KB;. 

T.ablE XIII(A). — Corrc/a/»o« betureen offspring a 

ad paUrml grandsxres 

Off 

;.rin.-. 


Paternal grandsires. ; 


Tctal. 


1,062 

19 2,814 


O4O 

3-5 i.tiOo 


‘5 

3 -14 

Total •. 2,956' 

1, 717 

45 i 

■ 


f=— o.oi47±o. 0097. 
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Tabi^e XIII([B ).— of offspring in states j, 2, and j to correspond in 

2, and 3 of the paternal grandsires ^‘iks 2, 


Paternal Kranil&ircs. 

1 


Offspring. 

■ 

- 

i 

0. 68 

1. 24 
6. 82 


61. 58 

64-35 

59-09 

37-74 
34 - 4 t 
34 - 09 




63.65 

36.351 

.96 



Tables XIV (A) and XIV(B) represent the result of pooling the data 
on parents and offspring included in Tables 11(A), VII(A), VIII(A} and 
IX(A). 


Tabi.B X 1 V{A.). -Correlation betv/een offspring and parents, obtained bv comhini^f, 
into one table the data of Tables //(A), VU{A), V 111 (a), and /X(d) ' 


Parents. j 

1 

Oftspria;;. 


1 Total. 

i 

! 

! , 
i 

1 

' J i 


12, 265 

7 . 575 i 

i 1 

I 9 i 974 


8,074 

6, 124 

1 153 1 

I 4 , 35 t 

3 ! 

1 

191 

igo ' 

14 1 

395 

Total ! 

1 

20, 530 

13.889 

305 1 

' 34 . 720 


f=o.o597 ±0.0036. 

Means of arrays; 

For parents i. 4361 ±a 0020, 

ForoITspring i. 4i74±o. 0020, 

Table XIV(B ). — Percentages of offspring in states i, 2. and J to correspond io slates 
1, 2. and J of the parents 


ORspriiig- 



- 

3 


61. 40 
56. 27 1 
48. 35 1 

37 - 92 
42. 67 ^ 

0. 68 



3 1 

3-55 




59 - 13 

40. 00 ' 

1 

.8? 





It may be noted that the percentage of recorded twins produced by 
twin parents is larger than the percentage of recorded twins produced by 
single parents. The correlation coefficient between sizes of litters m 
which parents and offspring are bom is given by 

r= 0.0597 ±0.0036. 



l^esemblanceoj Parents and Offspring oj Sheep 

It may also be noted that, on the whole, there is a slightlv and 
^tly larger percentage ot twins among parents than amon. records i 
offspring. It must be remembered in this connection that the record 
any parent is repeated a number of times equal to the number oF thi 
recorded offspnng of the parent, Othenvise, one might be led to arnre 
in a very obvious manner that if twinning is inherited and if there is"i!o 
selection agmnst twins, the percentage of twins in the offspring would 
exceed the percentage among parents, but such an argument is not valid 
when we repeat the parent, as above explained. 

data not INCbUDEn IN FOREGOING TABLES AND CALCULATIONS 

Tables XV, XVI, and XVII exhibit data excluded from calculations 
of statistical constants because ot the abnormal proportion of twins or 
singles recorded among the offspring of a single sire. The reasons and 
criteria for such exclusion are given under “Repetition ol sires and 
paternal grandparents. ” 


TabuB XV,— Sia of litter in -which offspring are born mi. six of Utter in which pain 
of parents are born {from data excluded in making Tables I and IX) 


. 

Sires Kod dAfflS. 

OSspriim. 

1 

Totil, 



1 

245 i USi- 

i 



i$o i i 6 o 

• 1 

3'3 






* 33 ** 

si 

224 

■JS. ■■ 

3 7 !. 


10 



i 

1 1 2 1 . 

! 

3 


1 







1 




770 4^5 1 

6 

I,24t 






Table XVI.-Siar of litters in which ogspring mi met md pakrml grmiiams 0,0 
horn (/row data excluded ,n rnahwg Tables \ oniXlj 

• 

1 


Total. 

&res and patenui grsujdduns. 

1 

I 




197 1 


3^3 

H 





198 

2II 5 ^ 




! ;; 8 s i 3®9 

'1 ' ^ 

2 

j *96 


97209^—15 2 
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Table XVII .- — Sizei of litUrs »n which offspring and sires and paternal qrandsi,c.. 
born {from data excluded in making Tables XII and XIII) 


Sires and paternal ^andsirrs. 


Total 



OSsprin?. 




3 

3 

ToUl. 

51 

2S 



70 

S8 


128 

lit 

35 



Sg 

99 


188 




IS 

336 

220 


356 


DATA ON ANIMALS WITH A ‘'COMPLETE AMERICAN” PEDIGREE 

What we shall mean here by a “complete American” pedigree is a 
case where the offspring have parents and grandparents American-bora, 
so that we have records as to whether these ancestors were born in states 
I, 2, or 3. Statements are frequently made about the effects of climate 
on fertility; therefore we have thought that it would be of some interest to 
select from the total group of offspring that subgroup whose grandparents 
as well as parents are American-born. This requires that three generations 
at least be American bom.' Further, the total subgroup of breeders who 
import a great deal may form a class that differs significantly in the 
handling of sheep from the totality of breeders who do not import. 

This restriction to ca.ses of “ complete American ” pedigree has brought 
our total number of cases down to only a little over one-third of the 
number treated in Tables I to XIV, but it .seems worth while to present 
the tables showing corresponding frequencies of those with “complete 
American” pedigrees and to make some comparisons. 

Any pedigree that has any grandparent not American-born is called 
an “incomplete” pedigree. It is, of course, incomplete in that we have 
no record as to whether a grandparent was born single, in twins, or in 
triplets. 

tables for sires, dams, and offspring with a "COMPLETE 

AMERICAN” PEDIGREE * 

Table XVIII(A) corresponds to Table 1 (A). Here we find for the 
correlation between the sum of numbers in litters in which sire and dam 
are bom and the number in corresponding litters in which offspring are 
bom, r = o.i29±o,oii. 

This coefficient is greater than that for the total population by 0.041, 
and this difference is just about three times its probable error. Hence, it 
is doubtful whether the difference is significant. 

* Wallace, A. R. Darwinism . • • p. 154* London. 1896. 



5^. rS.W^S Resemblance of Parents a nd Offspring of Shop 

TaJIE XVin(A).-C<»T.Ja(«>» between cfepring end pair, „/ ... ^ 

American ’ pedigtet- '' ^ CQmpkk 


Sim ftnd 

! 

Offspring. 

■ 

— 





Tulal. 




8 




I,CO[ 




C 2 S 

^ ' Tlfi 



TTS 


11 

13 

tzb 


! ; 


14 




12 



3 

•7 




9 



■ 


Total 

2 > 2.34 

hill 

34 

3 . 5:9 


T=o.i 2 g±o.oii, ■ 


where r is the correlation coefficient between the sum of numbers in litters in which 
sire and dam are bom and the number in corresponding litter in which oilspring are 


bora. 

Means of arrays of offspring; 

(i) When sire and dam arc singles 1-3197+0. 0094. 

(a) When sire is a single and dam is a twin 1,399 io- ou. 

(3) When sire is a twin and dam is a single 1.366 io.ot:, 

(4) When sire is a twin and dam is a twin r. 481 ±0, 014. 

(5) When either sire or dam is a triplet 1.788 +0,058, 


TaBLB XVIII(B ). — Percentages of offspring in states i, 2, and j to comspond to the 
stales I~i, 1-2, 2-1, . . . of the sires and dams 


Based on total . 


68.69 

30. 64 

0, 67 

60.75 

38' 59 

,66 

63. 48 

36- 39 

• *3 

53 - 99 

4 , 3 - 9,3 

2, o« 

32,69 

53 ' n 

ir, 54 

62. 4-' 

36, 63 

•95 


a See footnole. Table 1(B). 

There is a slightly smaller proportion of twins among offspring of the 
“complete American” bom than among the offspring of the tota p- 1 
lation, but the difference is only about three, times its pro a e error a 


there is some question as to its significance. 


The re.sults obtained from 


means of arrays are not significantly 
I or XVIII. 


different whether found from Tables 
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TABLES FOR DAMS AND OFFSPRING WITH “COMPLETE AMERICAN- 
PEDIGREE 

Table XIX(A) corresponds to Table 11 (A) but is limited to data from 
American-bom grandj>arents. Here we have for the correlation of size 
of litter in which dams and offspring are bom, 

r = o.i28±o.oio. 

This coefficient is greater than that for the total population by 0.041, 
and this difference is slightly more than three times its probable error, 
but it still is far from certain that the difference is not to be attributed 
to random sampling. 


Tabt^r XIX(A }. — Correlition between offspring and dams with “complete Americat.'' 
pedigree 


Dams. 

Offsprinj. 

Total. 

■ 

> 

3 



709 

9 

2,223 


1 985 

704 ■ 

24 

I. 713 


1 10 

1 

21 

3 

34 

Total 

i 

1 2, 500 

1 

1.434 

36 

3.970 


Means; 

Dams t.4486±o.oo35. 

Offspring T, 3793 ±0. 0054. 

Means of arrays; 

(1) When dam is a single i. 3270±o, 0068. 

(2) Wlien dam is a twin i- 4390io- 

(3) When dam is a triplet 794 ±0.067. 


r=o. i2S±o- oio- 


Table XIX(B).— of offspring in stnUs I, 2, and J lo correspond lo the 
states I, 2 , arid J of the dams 


Dams. 

Offspriog. 

■ 


3 


67. 70 
57 - 50 
29. 41 

3 L *9 
41. 10 
61. 76 

0 . 41 
. 1.40 

! S.S 3 

1 



Based on. total 

! 62. 97 

36. I! 

1 



Sept- IS. W’S 


Resemblar^e of Parents and Offs pyi,^, 
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tables for dams and maternal GRANDI'ARFNTS WlTu . 

PLETE AMERICAN” PEDIGREE 


Tables XX to XXV correspond to Tables III to VIII and ih 
to be drawn from the tables based on data of the “complete Anlrr” ' ' 
pedigrees do not differ essentially from those drara from the iotal ooo„ 
htion. Here again, as with the total population, there appears to be a 
slight correlation between size of litter in which maternal granddams and 
oSspring are bom, but we are unable to make a similar assertion about 
maternal grandsires and offspring. 


Tabus XX(A).-Cor,ebl{on Jeta og,p,mg and maferml grandiamrtti "comtutn 
Amertcan’^ pedigree 


3-5 • 
3-3- 


i 

Dams and maiernal craoddains. j 


Ofthprinc 



. 1 

■ ' 

s 

Tuthl. 


946 

343 




^ . 






i \ 

go I 


4nO 

’16 

1 


6 


23 







! 1 

9 

i ; 

14 


10 ; 
5 


Total . 


Means of arrays of offspring; 

(1) WTien the dam and gr.inddam are singles i, 3208+0, 00&6. 

(2) When the dam is a single and the granddam a twin. i. 339 ±0. ot t. 

(3) >Mien the dam is a twin and the granddam a single . 1.412 ±o,ori. 

(4) \\Tien the dam is a twin and the granddam a twin . i, 453 ±0. 013, 

(5) When cither dam or granddam Is a triplet i, 600 +0. 046, 


Table XX(B).— Perernto^er of offspring in stales J. 2. and j to cornspovd to ttie 
states 7-1, 1-2, 2-1, 2-2, ... of the dams and maierml grandanms 


OITbiifiuc. 


Dams and matenial cranddanjs. 

■ 


: « 8 . 3 S 

31.21 

0.44 


33 . 17 

•57 

« : ; 58 

40. 18 



4 H 75 

*■ 


5 i ’43 




.91 







I See footoole. Table I (B). 



500 


Journal oj Agricultural Research 


IV, No, 5 


Table XXI(A).— Correio/ton between o^ffspring and maternal grandsires with 
American.” pedigree 



Table XXI(B ). — Percentages of offspring in slates /, 2, and j to correspond to the 
states X-i, 1-2. 2-1, ... of the dams and maternal grandsires 


Dams and maternal graodsir^s. 


T-t . 
1-2 . 

2- t . 

3- 2 , 

(“). 


Based on total . 


Offsprins. 


<• See {ooliiolc. TabL- [ (B), 


t 


i 

67- 52 1 

33-33 

«- 15 

68. 79 1 

1 30- 50 

•71 

56.99 

1 41-73 

1. 28 

57.08 

41. 28 

1. 64 

53. 8 s 

1 

42-31 

,1. *4 

62. 97 * 

36. 12 

,91 


Table XXII , — Correlation between offspring and maternal granddams with "conpkU 
Atnerkan ” pedigree 


Maternal cranddants. 


1 j 1,480 

2 1 998 

3 1 22 

Total 2, 500 


800 

614 


17 

19 I 


2 1 297* 
I- 631 


r— o.o40±o.on. 


Means of arrays of offspring; 

(1) When maternal granddacis are singles i. 3631 ±0. 0070. 

(2) Wlicn maternal granddamsarc twins i. 3898^0. cx387. 

(3) When maternal granddams are triplets 1,516 ±o-®S2. 



wt ,s. .g.j Resemblance of Parents a nd Ofispring oj Sheep 

TaSLB ■SOaU.—Corrtmi.nbelumiagtpringand vmicmt .,,„l .. ,, 

Amertcan” pedigree * -nin (.ompiflt 



Means of arrays of offspring: 

(i) When maternal grandsires are singles i-38i<5io.oo6<). 

(s) When maternal grandsires are twins i. 3768±o. oooo. 

(3) When maternal grandsires are triplets. ...• 1.35; ±0041. 


Table XXIV(A).— hetween dam.t and maternal granddams with “complete 
Amerkan'' pedigree 


Mat«rsa1 grauddams. 


3 ' 


Total. 


1. 175 
673 
iS 


627 


1.866 1 1,363 


T, Q! I 

1 , 3 " 

33 


r5so.103io.012. 

Table XXl'Vi'B).— Percentages of dams in states i. 2. and J h correspond to stales t. 
and 3 of the maternal granddams 


Maternal granddams. 


3 




: 61. 49 

37- <34 

: 5’- 33 

47- 83 

j 54- 55 
1 _ 

33- 33 

i 

57- 33 

4i-S7 


0. " 

.84 


12. 12 


Ba.scd on total. 
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Table XXV(A). — Correlation between dams and maternal grandsires with “complete 
American ” pedigree ^ 


Materaa.1 erandsires. 

Dam.. 


t 

- 

■' ! 

Total. 


I, III 

SoS 

1 

*9 ! 

7 1 



53* 



37 

24 

' 1 



1 


Total 

1 , 

1,363 


3>25S 




r=o.oo7±o.oi2. 

Tabi.S 'KXV(B).—Perctnlages of dams in slates I, 2 . and J to correspond to states r, 2 , 
and J of the grandsires 

Gnuidsir«s. 

Dams. 

' 

■ 



57- 53 

41 . 69 

0 . g 8 
•55 


57- *7 

42 . 28 


60. 66 

39-34 







57-33 

41 . 87 

.So 




For the ' ‘ complete American ” subclass (Table XXV) we are also unable 
to assert a significant correlation between maternal grandsire and dams. 
This fact makes it appear still a little more probable that sex is in some 
way connected with the tendency of twins to produce twins. [Compare 
Tables VIII(A) and XXV (A).] This point will be further treated under 
“ Analysis of data on parents and offspring separated with regard to sex.” 


tables for sires and offspring with a "COMPLETE AMERICAN” 
PEDIGREE 


While from the data of Table XXVI(A) the correlation coefficient, 
r = o.o72±o.oii, is a little larger than for the total population, the 
difference may be ascribed to random sampling. Just as in the “Anal- 
ysis of data for sires and offspring” we have found mean values of an 
index number for sires of different classes, so here we have the following 
values for mean index numbers for animals of “complete American 
pedigree : 

Forsires bom insinglcsf" complete American”), wehave. i. 296 ±o.oij. 

For sires bom in twins ("complete American”), we have . i. 375i®- 


For remaining sires bom in singles, wehave i.353±o.mc- 

For remaining sires born in twins, we have i. 384 ±o. 014 . 



S(pt. IS. Resemblance 0/ Parents and Offspring of Sheep 


Sires- 


3 - 


Total 


Means of arrays: 

(1) When sires are singles. 

(2) When sires are twins . . 

(3) When sires are triplets 


Offsprin;;. 


i. 3 go : 
856': 

8 : 

736 

565 

IO 

17 

2 

2r 141 
i,4lS 
:e 

'• 

— 

■ 


2.334 

I, JIT 

I 

3-579 


*-357Sio-oo72. 
I. 4224±0. C093. 
I- 700 io, ©95, 


TasU XXVI{B).— PefOTtojcj 0/ offspring in slaUs r, 2. mi } io ernttsponi lo IPi 
slates I, 2, and J oj the sires attli ''complete Amtrkiin “ pedigree 




' 64.92 

34 - 38 ' 



^8. 96 ■ 


* • ■ 


40.0 


3 •• 


i ‘ 



Based on total 


36- 63 ’ 


i. 


All our results rvith index numbers show consistently a larger relative 
production of twins by twin sires than by single sires. It may be noted, 
however, that in the case of the subclass remaining after those of “complete 
American” pedigree are removed, the difference is not three times its 
probable error. This surely means that it requires very large numbers to 
establish with any considerable certainty the significance of the difference. 

TABLES FOR SIRES AND P.tTERNAL GRANDP.WhNTS 
Tables XXVII to XXX for “complete American” pedigrees correspond 
to Tables X to XIII for the total population. Here again, as mth the 
total population, we are unable to assert the existence of a signihcant 
correlation between paternal grandparents and ulispring nit respec 
being bora in singles or in twins. 
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Table XXVII(A).— Cofrefo^ton beiwten offspring and paiemal granddams with "com- 
plete American ” pedigree 


Sires and paternal fraaddams. 

Offspring. 

1 

Total. 

> 

> 

s 


750 

619 

401 

42t 

31 

7 

14 

1 

415 

303 

297 ! 
265 
^9 

5 ' 

5 ' 

8 

6 

II 

6 

1 ! 

2 

hin 

928 

709 

692 

41 

14 

16 

6 











Total 





1 2> 234 

1,311 

34 

3.579 


Table XXVII(B ). — Percentages of offspring in slates I, S, and j to correspond to the 
states 7-7, 7-5, 5-7, . . . of the sires and paternal granddams with "complete Ameri- 
can " pedigree 


Sires and paternal cranrtdams. 


I-I . 

1 - i . 

2 - 1 . 
i-i . 
(“). 


Based on total . 


63- 94 

. 35 - 38 

0. 68 

66. 70 1 

32-65 

•^5 

1-55 

56. 56 1 

41 - 89 

60. 84 1 

1 38- 30 1 

.86 

55 - *4 

\ 40. a6 

1 3. 89 

62. 42 

36.63 

1 .95 


«Sec loolnote. Tabic 1 (B), 

Table XXVIII . — Correlation between offspring and paternal granddams with '‘compUie 
American” pedigree 



1 

Offspring. 


ToUl- 


: " j 

J 

1. .. 

' I. 158 

7>7 1 

21 

1 , 5 

2. .. 

i 1,041 

S 73 ; 

12 


3 - •• 

i 

21 

1 



Total ' 2, 234 

1 . 3 “ ! 

54 

3.5 


f= — 0.028 ±O.OT I . 




apt..5.^w R^e^blanceoj Parents a ni Offspring oiShccb -^os 

TiBlE XXIX(A).-^orrekKo» httmn offspring and pak,ml granisire, u Uk ' ■ „.M , 
Ammcan” Pedigree 



Offsprint. 

. — 


■ ' 


d 

TuUl, 


869 

520 

450 

369 

466 

5 


- 







216 



. 


ivj 


8 



16 

3 ^ 

17 

7 
















2 , 2 J 4 


34 

3 - 579 


Table XXIX(B).— Pcrcffitojeo/ oppring instates 1. 2, and 3! 
j_j_ j-2, 2-1, ... of the sms and paternal grandsttes u-ttk 
pedigree 

n eortt'spon l io She stales 
“comph'le .-ImafCij'j ” 

SireJ and patwTial Rtaodsires 


, 


1 

; \ 



64.85 

; 34. 78 

O' 37 



65, 00 

1 53-75 

:■ !.5 



56- 39 
62- 2J 
54 - »7 


■ ;s 

n,3,5 



1 ,- 6 . 4 ! 



1 35 ' 42 

10. 41 



Based on total 


62.42 

.36- 03 

■95 

i»S«noie. Table r{R). 

Tabi,E XXX. — Correlation between offspring and paiernal gtandsires witi 
American'^ Pedigree 

"complete 

Paternal grand»ires. 


Offsprin;. 


Toul. 

. 

1 

i 

J 



814 


2,154 


880 

486 

! 18 

! 1,393 


iS 

3 

f 32 



1 





i ^. 3 ” 

34 

3. 379 


J _± 

! 

— 

_ 


f= —0.0059 ±0.011 . 

Table. XXXV and XXXVI exhibit data of the "complete American” 
class excluded under the criteria of “Repetition of sires an palerna 

grandparents.’' 



5o6 


Journal of Agricultural Research 


Vol. IV. No. 6 


ANALYSIS OF DATA ON PARENTS AND OFFSPRING SEPARATED WITH 
• REGARD TO SEX 

Table XXXI exhibits data for the correlation of size of litters in which 
sires are bom and sizes of litters in which their female offspring are bom 
The importance of investigating the tendency of twin sires to produce a 
larger percentage of twins among female offspring than single sires pro- 
duce among female offspring is suggested by the fact that, from the data 
of Tables VIII and XXV, we were unable to assert the existence of a 
significant correlation. 


Table XXXI(A ). — Correlation between female offspring and sires 


Sires. 

1 Female oSsprine. 

Total. 

a 

I 

> 

3 


2.373 

1,440 

15 

1,388 

930 

27 

XI 

*9 

I 

3.772 

2.389 

43 



Total 

3.828 

2.545 

31 

6, 204 


r»c.04iodco-oo86. 

Means: 

For sires x. 3987 ±0. 0044. 

For female offspring i. 388o±©. 0043. 


Table XXXI(B ). — Percentages of female offspring in states 1, 2, and 3 to correspond to 
stales I, 2 . and jof t^ sires 


Sires. 

Fenisle offspring. 

■ 

■ 

3 


62.91 
60. 28 
34.88 

36. 80 

38.93 

62. 79 

0. 29 
• 79 

j 2-33 


, 


6r. 70 

37 - 80 

•SO 



From Table XXXI (A) we obtain for the correlation 
r — o.04io± 0,0086. 

While this is a very small correlation, it is 4.6 times its probable error. 
While it is by no means finally established, it seems somewhat more 
probable that the values in Tables VIII and XXV are accidentally small 
under random sampling than that the correlation just given is insignificant. 
What is clear is that if any correlation exists, such correlation is so small 
that it requires immense numbers to establish its significance. 
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In order to eUminate the possible effects of the repetitions of grandsires 
we shall investigate further the cases of maternal grandsires and dams by 
means of rndex numbers, such as are explained in the sections on " Anal- 
ysis of data for sires and offspring” and “Tables for sires and offspring ” 
The results with such index numbers may be stated as follows : 


For maternal grandsires bom in singles, we have i. 4462 ±a 00-; 

For maternal grandsires bom in twins, we have i. 4574^:0. 00^13! 

While the mean index number for twin maternal grandsires is thus a little 
larger than for single maternal grandsires, the difference is not large 
enough to enable us to assert its significance, when compared to fluctua- 
tions in sampling. 

Tables XXXII to XXXIV are correlation tables for sizes of litters in 
which sires and male offspring, dams and male offspring, and darns and 
female offspring are bom. In each of these cases we find significant 
correlations. The differences of these correlations are so small that we 
are unable to assert that the differences arc significant. The values of 
these correlation coefficients are ; 


For sires and male offspring r=o. o73±o. 012. 

For dams and male offspring r=& o75±o. on. 

For dams and female offspring r=o. 0925±6. 0080. 


Taels XXXII(A). — Correlation belneen j«o/e offspring and sires 


1 

Sires. 

Male blTspriag. j 

1 

1 Tout 

■ 

■ 

■’ i 


1,099 

663 

H \ 

'.,715 


724 

549 

18 ! 

1, 291 

3 

■ 

12 

1 1 

20 

Total 

1,830 

1, 224 

33 i 

SiO*? 


Means: 

For sires i. 43io±o. 0066. 

For male offspring i. 4iSo±o. 0067. 


Table XXXI 1 (B).— Prrcrwtojw of ike male offspring in slates I. 2, and j to correspond 
to the states i. 2, and 30/ the sires 
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TablE*XXX 11I(A ). — Correlation between male offspring and dams 


DaiQS. 

1 Male oSspriae. 

Total. 

■ 

> 

5 


861 

26 

704 

657 

20 

: 12 

19 

r.911 

*,537 

49 



Total 

2, 082 

1,381 ! 

34 

3.497 


TablS XXXIII(B ). — Percentages of male offspring in states /, 2, and j to correspond 
to states T, 2^ and j of the dams 


Dams. 

Male offsprine. 

62- S3 
56. 02 
53-0* 

’ j 

3 


36. 84 

43. 75 
40. 82 

a 63 

0. 12 





Table XXXIV(A ). — Correlation between female offspring and dams 


Female offspriae. 


2 . 5^9 

'w25 


A , 346 


Based on total . 


*.342 1 
*,273 1 

38! 

*5 

2r 

j 3. 946 

1 3.0*9 

1 70 

1 

2,653 1 

36 

1 h »3S 

g in stales l 
'.he dams 

, 2, and J to correspond 

1 Female offspring. 

■ 

■ 

3 

65. 61 

34.01 

0. 38 

57- 14 
45- 7' 

42. 17 

.69 

34 9 


61. 78 

i ' 

! 37- 71 ; 

• 5* 
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Tables XXXV and XXXVI exhibit data excluded, by the criteria <,f 
the section on “Repetition of sires and paternal grandparents," from 
the “complete American ” subgroup. 


Table 


XXXV . — Sizes of lifters in which offspring 
pleie American” (from data excluded 


and pairs of parents are horn , “ com- 
tn making Table ,VV 7 //) 



Sires. 


Offsprioc- 


Tutal. 



123 1 

1 

, 

310 






Total 

266 

*23 i 


391 


GENERAL CONCLUSIONS 


(1) For the class of sheep considered in this investigation we find 
that, in general, the twin parents give a larger percentage of twins 
among offspring than do parents born as singles. See Tables 1(B), 11(B), 
V:JI{B), IX(B), and XIV (B). 

(2) The small positive correlation coefficient between the sum of 
numbers in litters in which the two parents arc born and the size of 
litter in which the corresponding offspring are bom is significant. 1 he 
value of the coefficient is in each casejnore than ii times the probable 
error. Sec results derived from Tables 1(A) and XVni(A). 

(3) The small positive correlation coefficients between sizes of litters 
in which dams are born and sizes of litters in which their offspring are 
born are decidedly significant when judged by probable errors. See 
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results derived from Tables 11 (A), VII(A), XXIV(A), XXXIII(A) and 

XXX,IV(A). 

(4) There appears to be a small but significant correlation between 
sizes of litters in which sires are bom and sizes of litters in which their 
offspring are bom. It seems probable that this correlation should be 
attributed almost entirely, if n«t wholly, to correlation between sires 
and male offspring. The correlations seem to differ with the sexes 
The correlation coefficients for sires and female offspring are so small that 
their significance is much in doubt even with the large numbers we have 
used. See results derived from Tables VIII(A), IX(A), XXV(A), 
XXVI(A), XXXI(A), and XXXII(A). 

(5) There appears to be a significant correlation between maternal 
granddams and offspring, but we arc unable to assert any significant 
correlation for the other grandparents and offspring. It would surely 
require immense numbers to establish the significance of such correlation, 
if it exists, 

(6) The means of arrays show the small but general tendency of either 
or both twin parents and twin maternal granddams to produce a larger 
proportion of twins than are produced when the corresponding individuals 
in the ancestry are singles. 

(7) As it requires large numbers to establish the significance of the 
differences which we have found, it should not be surprising if within 
a flock of fair size, say, a flock of too, one may in some cases get even a 
larger percentage of twins from single parents than from twin parents. 
Such fluctuations should be expected to occur occasionally in taking a 
random sample of no more than 100 individuals, even if in the long run 
twins tend to produce a somewhat higher percentage of twins than do 
singles. 



SOIL PR0T07.0A* 

By Georgr P. Koch, 

Research Felhrn, the New Jersey Calkgcfor the Benefit ef Agriculture and Mechanic Arts 
I.— METHOD FOR COUNTING PROTOZOA 
INTRODUCTION 


Repeated claims that soil protozoa are detrimental to other soil micro- 
organisms have led soil biologists to begin the sliuly of soil protozoology 
in order to determine, if possible, to what extent these organisms influence 
soil fertility.^ 

In order to facilitate the counting and examination of protozoa, 
several investigators have cultivated these organisms in artificial cul- 
ture solutions. Goodey (7) studied the protozoa which were developed in 
soil extract and dilute hay infusion, but made no attempt to count them, 
Likewise Martin and Lewin (1 j) made careful examinations of the organ- 
isms which they cultivated in an infusion of horse manure. Rahn (15) 
employed peptone and sugar solutions, thus allowing the organisms to 
develop in a culture solution of i to too dilution for from 7 to 14 days, 
after which an aliquot of the solution was examined for protozoa, Killer 
(10) used the dilution inelhod in order to determine the approximate 
numbers of soil protozoa that were developed in GiUay's, rnannitc, and 
peptone solutions. Francd (6) studied soil protozoa developed in 
artificial culture solutions and enumerated the organisms from the various 
sods examined by mixing an average sample of the solution with water 
and then examining the resulting solution drop by drop. Likewise 
Cauda and Sangiorgi ( 2 ) employed GiUay’s, Omelianski’s, Hiltner’s, 
peptone, and mannite solutions and determined the numbers of organisms 
developed by dilution and direct count. In order to find the best culture 
solution for protozoan development. Cunningham and Lohnis (4) grew 
these organisms in many different solutions, and later Cunningham 
employed soil extract and blood-meal extract. The last-named inves- 
tigator (3) also used the dilution method for the enumeration of the 
organisms. The results obtained with the dilution method by these 
investigators have been somewhat irregular. The irregularity in the 
results secured by the application of this method is shown quite clearly 
by Cunnmgham (3). The same irregularity has been experienced by the 
writer, who found the error to be several hundred per cent in many cases. 


* Contribution from tho I.nb«n,toritn ol Biolot.-. Soil Btotoriolot.-. and Soil CWUrv ol the New Jettey 

AiiriculturalCollegeandExpenTnnitStalioii. nr i r T inraiiii for many 

1 The writer wishes to take this opportunity to ^cLestt; ^,1,^ 

suggestions and the informadoo which he lias supplied, likewise to 

tendered throughout the study of this series of problems. 
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improved loop method 

Because of the inadequacy of the methods heretofore used, the loop 
method which was employed by Muller (14) for counting bacteria was 
improved upon. The improved method proved much more accurate, 
and required but a very small amount of manipulation. 

A platinum wire was bent into a permanent l<K)p. The quantity of 
solution that could be transferred by means of this loop was then deter- 
mined b)' carefully weighing films of the culture solution on a sensitive 
analytical balance. The average of several weights was taken and the 
quantity of liquid that could be transferred by the loop was calculated 
into cubic centimeters. To facilitate the counting of the organisms on the 
slide, a quarter of an inch square in the center of an ordinary glass slide 
was carefully ruled into 60 to 80 small squares by means of a sharp quartz 
crystal. A film of the culture solution containing the living protozoa 
was then transferred to the nded area on the clean glass slide. In this 
manner the living protozoa were counted with the low pow'er of the 
microscope, and from the number of organisms transferred in the loop 
the numbers per cubic centimeter w’ere calculated. 

The platinum loop was slightly bent, making an angle of 30® to 35®, 
so as to facilitate touching the slide in (he same maimer at each transfer 
and to prevent the draining of the solution which would adhere to the 
support of the loop. 

In making the counts the platinum loop was first sterilized in a flame, 
and every precaution ordinarily observed in bacteriological w’ork was 
taken. The protozoa of not less than three loops of culture solution 
were counted, and the average of the several counts was recorded. It 
was found by experience that not more than 300 to 400 protozoa could 
be counted in a film wliicli liad been transferred by a loop of 0.0020 to 
0.0025 gm. transference capacity, as the culture solution on the slide 
would be evaporated before all the organisms could be counted. There- 
fore, two platinum loops, one of 0.0020 to 0.0025 8'^^- transference capacity 
and the other of 0.001 gm., were employed. When the number of 
organisms became so great that they could not all be counted in the large 
film, the loop of smaller capacity was employed. Where the organisms 
numbered more than 3 «jo for the small loop, the film of culture solution 
containing the protozoa was transferred to a specially prepared slide. 
This glass slide has a square cell in the center (3.7 by 3.7 mrn.), the 
capacity of which is about 0.002 gm. of water at 22° C. (when the readings 
are made the cell is almost completely filled with culture solution, thus 
reducing the possibility of error due to capillarity). The surface within 
the cell is accurately ruled into 25 large divisions, and one of the large 
divisions again ruled into 25 small fields. The film of solution con- 
taining the organisms was carefully spread over llie entire surface and a 
cover slip laid over the cell, thus preventing evaporation. The organisms 
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in several of the large fields were counted, and the average of these 
figures was multiplied by 25. The number obtained was then multiplied 
by the standard number of the platinum loop. With the average of 
several of such counts and calculations, the number of organisms was 
determined. In case the organisms were too small to be readily seen by 
means of the low power of the microscope and too numerous to be calcu- 
lated from the large divisions of the slide, the approximate number 
could be obtained by counting the organisms in the smaller divisions. 

When many very active flagellates were studied, the latter method of 
counting the organisms in several fields proved superior to the complete 
counting method, on account of the fact that the manipulator might 
count one organism several times. But, as a general rule, in every case 
where the organisms were not too active and where the organisms num- 
bered from 300 to 400 in the solution transferred by the large loop and 
300 by the small loop the direct count of all the organisms transferred by 
the loop was made, in order that the error incurred be the ihinimum. 

In computing the organisms on the slide several fields in different 
positions were counted and averaged, in this way eliminating as much 
as possible the very small error which might be incurred, owing to the 
very slight capillarity. 

The flagellates were always counted while active, as otherwise in many 
cases they could not be distinguished from cysts. In case of the ciliates, 
however, the organisms could be very easily distinguished when inactive. 
Thus, in counting the ciliates, the film of solution was first passed through 
the fumes of a i per cent osraic-acid solution, as suggested by Goodey (7). 
When many ciliates were present in a solution containing numerous 
flagellates, the counts of the living flagellates were made first, and then 
several other films of solution treated with osiriic acid were examined and 
the number of ciliates determined. 

In order to determine the variation in (he aiiiomit of solutions which 
a platinum loop would transfer, two loops of different size prepared for 
this purpose were tested by weighing films of different culture solutions. 
The w'eighls recorded below were made by placing the film of the solution 
upon a watch ^ass, which was counterjioiscd by another of the same size. 
The rider was placed at 0.1 mg. and the correct addition of weight calcu- 
lated by oscillations. The temperature of the room was 22® C, and of 
the balance case 22.5° when the weights were made. (See Tables I V.) 
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Table I. — Variaiionin transference capacity of o platinum loop when used for several 
solutions and the variation after it had been used for a period of time a 


[Weight of solntion transfciredl 


Distilled water 
at ij" C. whea 
loop was hrsi 
used. 

Distilled water 
at C. after 
loop used 45 
days. 

Distilled water 
at s“ C. 

Hay infusion 
at 28* C. 

Blood extract 
at22°C. 

Soil esctract 
at 2»* C. 

Gm . 

0. 00200 
. ooigg 
. 00199 
. 00200 
. 00199 
. 00199 

Gm . 

0. 00199 
. 00199 

. 00200 
. 00198 
. ooigS 
. 00198 

0. 00150 
. 00149 
. 00149 
. 00149 
. 00150 
. 00150 

Cw», 

0. 00186 
. 00185 
. 00184 
. 00184 
. 00183 
.00183 

Gm . 

0. 00194 
. 00191 
. 00193 
. 00192 
.00193 
. 00192 

Gw. 

0. COI70 
. 00169 
. ooi6g 

• 00171 

• 00170 


6. 001993 

b . 001987 

h . 001443 

& 001841 

001925 

001608 


o i gin. oi Oblilkii water at ii" C.=*i c. c. * Average. 


Table II . — Density of culture solutions compared with water at the same temperature 


1 

; Temperature. 

Water. 

Hay infusion. 

Blood extract. ■ 

i ’C. 

; 6 

22 

0. 999970 
• 997828 

0. 999040 
• 997460 

0. 998885 
• 997643 

1 


Table III. — Experimental error when all the organisms of the loop numbering about 
g.ooo per cubic centimeter are courtted' under the low power of the microscope 



= io.6745Xi-92 = 1-29. 
Percentage of error— 1.39^19.3 =6.74. 
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Table l\\— Experimental error -when all the orqanims of the loot nimbcrwo ahnui 
140,000 per cubic centimeter are counted under the lov poiar of the miaoHopc 


Probable error = ±0, 




= 13.62. 




Number films. 


Number (4 
cirganitms 
ia film. 

Devialiuu 

Deviation 

squared. 





263 


500. 0 


34. 5 


m 

i, lyu. c 

4 

91. 5 
^ 9 - 5 

4 5 

5 

62.5 
40- 3 
19 5 

„ ■ ^ 


266 

290 


6 

22. 1 


223 

326 

266 

3 i 0 !ao 





381,0 









2,850 

28s 


16, 672, 3 













“ ±0-6745x13.62 = 9.20. 

Percentage of error = 9.2o-s-285.o = 3.23. 

Table V. — Probable error when the organisms of sreeral fields arc counted and when the 
number totob about 450,000 per cubic centimeter 



Number ci orpiniviits. 





1 


Field 

Field 

Field Ftcld 



No. 1. 

No. j. 

No. 3. -Vo. <. 

x „. 1 


56 

30 

24 , 30 

22 


40 

10 

35 ' 31 

*3 


20 

15 

18 2:; 

23 


23 

24 

28 1 25 

.32 


36 

37 

29 i 53 

45 


36 

48 

53 51 

62 


26 

31 

32 26 

19 


33 

52 

42 60 

69 


61 

64 

57 52 

49 


35 

36 

59 31 

44 




i 

l^.ul 1 . . 







' 


Average. Deviation. 


Deviation 

eiiuuree. 


27. o 
t6, 2 
26. 4 
38- 0 
50. o 
26-8 
cr. 2 
56.6 
41. o 


366.4 
36- 6 


4. 2 
8.8 ! 
20. 4 i 
10. 2 i 
1. 4 
1 . 3-4 
9.8 
14. 6 
30 . 0 
4 - 4 


17. 6 

: 7-5 

416. 0 
104. 0 
1.0 
,T 9 8 
96. 0 
21 , 3 - 2 
400. 0 
n ^3 


. 52 .v 3 


PTob^ible error =±0.6745../-—- 

V 90 

= ±0. 6745 X 4 - 25 
Percentage of error = 2. 799-^-36- 6= 


= 4 -iS- 
= 2. 799. 
7.64- 


The average of the experimental error incurred in counting is therefore 
5.87 per cent. 
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EFFICIRNCY OP THE METHOD 

Upon examining the foregoing data, it is seen that the variation in 
weights of successive amounts transferred from a solution at a given 
temperature is very slight, the greatest variation being not more than i 
per cent. 

In applying the improved loop method all calculations are based upon 
distilled water at 22 ° C., or room temperature, as a standard. Hence a 
correction must be made when solutions of different surface tension are 
employed, as the amount of culture solution transferred by the standard 
loop would vary with the liquid. This is noted in Table I in comparing 
the amount of distilled water, hay infusion, blood extract, and soil extract 
transferred with the same loop. 

In order to facilitate calculations, i gm. of distilled water at 22® C. was 
used as the standard to represent i c. c. 

Upon examining Table U. it is noted that the error incurred on account 
of the variation in the density of solutions used is practically negligible. 

Where the number of organisms per cubic centimeter is relatively 
small, the experimental error incurred in counting all the organisms con- 
tained in the loop is 6.74 per cent, as seen from Table III. As shown in 
Table IV, when the number of organisms per cubic centimeter is greater 
and all the organisms in the loop arc counted, tlie error is smaller. In 
counting relatively small munbers of organisms in several fields of a 
specially ruled slide the experimental error is greater in proportion than 
if the organisms of the entire loop arc counted, as shown in Table V. 

Sl.'.MM.\RY OP P.ART I 

(1) While the imi)roved loop method is by no means devoid of errors, 
it has proved much more satisfactory than any of the other above-men- 
tioned methods. 

(2) It makes possible the quantitative study of the development of 
organisms in solutions without greatly altering the culture solutions. 

(3) It is comparatively simple and requires but little time for any 
single determination. 

(4) The improved loop method requires additional calculatioti because 
corrections must be made when culture solutions of different surface ten- 
sion than distilled water at 22° are employed, which is not the case when 
the volume is always constant. 

(5) The average experimental error is about 7 per cent. 

II. PROTOZOA OF GREENHOUSE SOILS 

INTRODUCTION 

That small organisms other than bacteria, fungi, algse, and worms — 
i. e., protozoa — exist in rich soils wms known by Khrcnberg (5) as far back 
as 1837. Greef (9) in 1866 recorded the presence of very large living 
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forms in the soil, but it was probably not until the work of Rreal (i) in 
1896, later by Franc 4 (6), and by Wolff (19) in 1009, that mention was 
made of the probable effect which protozoa might have upon soil lertilitv 
due to the destructive influence which they might have upon other 
soil micro-organisms. Then again, the very extensive work on soil 
sterilization by Russell and Hutcliinson (16, 17) in 1909 and 1915 has 
been carried out for the ptirjxtse of showing the effect of heat and anti- 
septics upon a detrimental factor in the soil, which those authors believe 
to be protozoa. In 1911 Goodey (7) describes the isolation of various 
protozoa from the soil and concludes that protozoa arc inactive in normal 
soils. A few years later, however, he (8) concluded that the ciliated 
forms are present in the soil in the encysted condition and that the 
amoebae and flagellates act as limiting factors. Martin (12), examining 
freshly collected soil for protozoa, concluded that the prevalence of 
protozoa in culture solutions was no indication of their presence in the 
living state in the soil. Upon the examination of cucumber-sick soil, 
Martin and Lewin (13) found eight different kinds of protozoa. AmoebtE 
were probably the dominant forms in the soil during examination. 
Flagellates were very rare. These investigators state that in absolutely 
saturated soils the ciliates may play an active part as a bacteria check 
but that “it is difficult to believe (hat they can exercise an important 
r 61 e in a sick soil-bed." Russell and Petherhridge (iS) are also of the 
opinion that the factor which keeps down the numbers of bacteria in 
cucumber- and tomato-sick soil is biological. Killer (to), Rahn (15), 
Cunningham and Lohnis (4, p. 600), and later Cunningham (3) grow soil 
protozoa in various culture solutions and noted a great difference iti the 
development of these organisms in artificial media. 

Cunningham ($, p. 22) conchnies that “the results given in tliis section 
prove conclusively that the soil protozoa, in solution at all e\ ents, exer- 
cise a verv decided limiting effect on the numbers of bacteria,” 

DEVELOPMENT OF PROTOZO.t 1-N AKTrKICI.tL Cfl.TURE SlX.fTIO.XS 

In this study it was the object of the writer: 

(1) To compare the difference in numbers and s[)ecics of protozoa 
developed in different culture solutions. 

(2) To compare the protozoan development from varying amounls of 
soil. 

(3) To compare the protozoan development from moist and dry soil, 

(4) To compare the protozoan development from different greenhouse 
soils. 

A large sample of clayey soil having a moisture content of 25 per cent 
and upon which alfalfa was grown in 1914 and then composted to a 20 
per cent manure, was collected from a compost bin in the greenhouse. A 
portion of this soil was dried for three days at 35 C. Into -ixi c. c. 
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Jena Erlenmeyer flasks were placed 100 c. c. portions of a 3 per cent 
dried-blood extract + 0.05 per cent of dibasic potassium phosphale 
(KjHPOi) prepared by boiling 30 gm. of dried blood with 1,000 c. c. of 
tap water for one hour and then adding 0.05 per cent of KjHPO In 
like manner 100 c. c. portions of Ldhnis’s (ii, p. 118) soil extract with 
the addition of 0.05 per cent of dibasic potassium phosphate were put 
into another series of flasks. These flasks were plugged with cotton and 
sterilized in an autoclave and all the precautions taken as in bacterio- 
logical work. They were then carefully inoculated with i, 2, 3, 5, 10 
20, 50, and 100 gm. portions of moist and dry soils. The solutions were 
examined under the microscope for living protozoa by carefully trans- 
ferring a film of the culture solution to a clean glass slide. The inoculated 
flasks were then placed in a constant-temperature incubator and incu- 
bated at 22® C. Daily examinations at the same hour for a period of 
30 days were made and the different types of protozoa enumerated by 
the improved loop method described on p. 512. 

In order to compare the development of protozoa of different green- 
house soils, three other compost soils were collected: 

(1) A 10 per cent manure and 10 per cent sand mixture upon which 
roses were grown in the greenhouse the previous year. At the time of 
collection this soil was exposed to the weather and contained 21.1 per 
cent of moisture. 

(2) A 50 per cent manure mixture, which was also exposed to the 
weather and had a moisture content of 30.3 per cent. Roses were grown 
upon this soil the previous year. 

(3) A 30 per cent compost which was planted to soy beans and corn 
seedlings. This was a dry soil, having a moisture content of 14.9 per 
cent, 

Erlenmeyer flasks of 200 c. c. capacity containing 100 c. c. of the same 
extracts of dried blood and soil, as described above, were inoculated 
with I, 20, 50, and 100 gm. portions of the four composts. These solu- 
tions were examined for protozoa and then incubated at 22® C. for eight 
days. At the same hour each day examinations and counts of the 
different types of protozoa were made. 

The classification of the protozoa which was followed throughout this 
problem was as follows: 

The small ciliates included all organisms from the smallest to and 
including Colpidium colpoda Ehrb. The vorticellae were also included. 

The large ciliates included all forms larger than Colpidium colpoda. 

The flagellates included all the forms that were observed. 

It was found at the outset that there were many minute organisms 
that could not be recognized easily under the low power, but which were 
easily seen with the high power of the microscope. Even under the 
high power it was impossible to distinguish between large bacteria and 
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what might appear to be protozoa. For this reason all of the protozoan 
counts were made under the low power, in order that the results might 
be concordant, every culture was examined about the same hour each 
day, for there is a great variation in the numbers of active organisms 
present at different hours during the day (Table VI). This is especially 
true for the first 10 to Z5 days after inoculation. 


TabuE VI.— Variation pet gram of soil innamhm of protosoo present iocuUirn- sohiHons 

at different hours of the same day 



Scctmd day alter inoculation. 

Tliird day after inoculation. 



aii.m. 

m 

4 ) 1 . m. 

721 

3, 272, 000 

5, 430, 000 

16, 800, 000 

9, 982, 000 

733 

6, 180, oco 

7, 220,000 

6, 980, 000 

1;, 950, 000 

733 

^05, 000 

I, 117,000 

798, 000 

610, 000 

724 

221,400 

585,000 

516, 000 

221, 400 


DEVELOPMENT OF PROTOZOA IN DIFFERENT CUI,TL'KE SOLUTIONS INOCU- 
LATED WITH VARYING AMOUNTS OF MOIST AND DRY SOIL 

Small ciliates. — The development of protozoa in the various solutions 
was quite different (as shown in Table VH). In comparing the develop- 
ment of the small ciliates in different media, it is apparent that the maxi- 
mum development of these organisms occurred sr)Oiicr in dried blond than 
in soil extract. In all inoculations of the dried-blood extract the greatest 
numbers were present on the third to the fourth day ; the numbers then 
decreased, so that after the ninth day there were very few present through- 
out the remaining period of obser\*ation. In soil-extract solutions inocu- 
lated Vrdth the largest amounts of soil, the maximum development was 
from the third to the fourth day, whereas in solutions of the same extract 
inoculated with i gni. of dry soil they did not appear until the ninth day 
and on the sixteenth day with the same amount of moist soil. In botli 
culture solutions the numbers of small ciliates developed were very small 
as compared with the number of flagellates. For the existence of small 
ciliates the soil extract seemed to be more favorable than dried blood. 
In comparing the numbers of organisms developed in the different solu- 
tions it was found that those which were inoculated with the largest 
amounts of soil did not show greater development than the ones to 
which the smallest amounts of soil had been added. Hence, on the 
gram basis more than a hundred times as many small ciliates developed 
from I gm. of soil as from loo gm. It is noted that in nearly all inocula- 
tions of both media a greater number of organisms developed at an 
earlier period from the moist than from the dry soil. This difference 
was, however, not very great. 



Tabi.tc VII. — Coml^arison of the numbers of small ciliates, large dliaies, and fiagellaies developed daily in different artificial culture solutions from 
varying amuxinls of moist and dry soil for a period of JO days. These numbers are calculated to l gm. of dry soil 
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varying amounts of moist and dry soil for a period of jo days. These numbers are calculated to / gm. of dry soil — Continued 
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Large ciuates. — Very few ‘large ciliates develoi^ed in any of the 
inoculated solutions. These organisms appeared on the first day in 
some moist soil inoculations of dried-blood extract. In blood extract 
to which dry soil had been added and soil extract inoculated with moist 
soil large ciliates apjieared on the second day in some solutions and 
on the third day in soil extract contauiing the largest amounts of dry 
soil. In all inoculations of dried-blood extract the greatest numbers 
appeared from the third to the eighth day; then the numbers decreased, 
so that there were very few in any of the solutions after the ninth day. 
In soil extract the organisms appeared much sooner in solutions with 
the larger than in the solutions with the smaller soil inoculations. As 
noted in Table VII, in solution 36, with 100 gm. of moist soil, the organ- 
isms developed on the second day, while in solution 30, when i gm. was 
used, the organisms did not appear until the nineteenth day. As manv 
large dliates developed in the dried blood as in soil extract. Again 
there was no definite relation between the numbers of organisms 
developed and the quantities of soil used for inoculation. 

Flagellates. — As noted in Table VII, in all inoculations of dried- 
blood extract, the maximum number of flagellates were present at an 
earlier period than in inoculations of soil extract. The maximum 
development in dried blood was from the second to the fourth dav, 
depending on the quantity and kind of soil used. The largest number 
of organisms appeared sooner in solutions inoculated with the largest 
amounts of soil than where small quantities were used. With loo-gm. 
inoculations the maxitnuni development of flagellates in solutions of 
soil extract with both tnoist and dry soils was on the seventh day, while 
with I gm. of moist soil the greatest numbers of organisms appeared 
on the eleventh day, and on the fifteenth day with the same amount 
of dry soil. As soon as the maximum numbers were reached, there 
was a gradual decrease until but few organisms remained in the solutions. 
In culture solutions inoculated \vith moist and dry soils, the largest 
development of flagellates was reached in the soil extract with the 
smallest quantities of soil, while with the largest amounts of soilthe greatest 
development was in dried blood. In soil extract, with one exception, 
a larger number of flagellates were developed from the dry than from 
moist soil; this, however, was not the case with inoculations in blood. 
In nearly all inoculations with dry soil, the greatest numbers were 
developed in soil extract. In all cases there were nearly 200 times as 
many organisms developed per gram, from the i-gm. than from the 
loo-gm. inoculations. In inoculated solutions of blood extract, the 
maximum number of all organisms appeared between the third and 
fourth day, while in the soil extract the largest number were present 
from the second to the fifteenth day, depending upon the kind and 
amount of soil inoculated. 
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DEVELOPMENT OP PROTOZOA FROM DIFFERENT COMPOST SOUS 

As shown in Table Vllt, the development ot small clliates, with 
respect to amounts of soil and media, was practically identical with 
the development in moist soil, as shown in Table VII. It is apparent 
from Table VIII that more small and more large dliates develop from 
the less composted soils. In all inoculations of dried blood with the 
10 and 20 per cent composts and for the larger amounts inoculated 
from the 30 and 50 per cent composts the maximum number of flagellates 
were present from the sixtieth hour to the fourth day. But with smaller 
amounts of soil inoculations from the 30 and 50 per cent manure soils 
the maximum numbers appeared from the fourth to the seventh day. 
In the case of dried blood there was little difference in the numbers 
of flagellates developed from the different amounts of soil, while in 
soil extract inoculated with the smallest quantities of soil the maximum 
had not yet been reached at the end of the eighth day, hence, no compari- 
son could be made. F rom the 30 and 50 per cent composts more flagellates 
were developed in blood extract than from the to and 20 per cent 
manures. Considering the numbers of organisms developed, on the 
gram basis, with dried blood there were more than two hundred times 
as many flagellates developed from i gm. as compared with 100 gm. 
of soil. It is seen that the maximum number of all organisms developed 
from the sixtieth hour to seven days in dried blood, while in the case 
of soil extract the maximum numbers iiad not been reached for the 
smaller soil inoculation when the experiment was concluded. 

DEVELOPMENT OF DIFFERENT TYPF.S OF PROTOZOA FROM THE SOIL 

Very many different types of large dilates were developed. Of the 
forms identified Paramecium sp. was probably the most common. Other 
large dliates which were noted were probably Eucheyls pupa Khrb., a 
few individuals of Urotaptus musculus Ehrb., and probably Nassula cU- 
gans Ehrb. The vorticellie were very numerous, appearing tlic fourth 
day, and were present in some solutions throughout the period of 30 
days. They were developed in dried blood and soil extract from both 
moist and dry soils. Next in prominence was the Colpoda cucullus 
0. F. M., which was first recognized on the fourth day. Colpidium 
coipoda Ehrb. was also quite common. Of the flagellates species resem- 
bling Mouas guliula Ehrb. and Moms vivipara Ehrb. were the most 
common. Bodos spp. were also very common. A few dimastigate 
amcebs, apparently Amoeba radiata Kelbs, were seen between the 
fifteenth and twentieth day after inoculation. A species correspond- 
ing to Peranema triehophorum Ehrb. ap|)earcd in small numbers from 
the eighteenth to the twenty-second day. Likewise a few- organisms 
resembUng Trinema anchelys Ehrb. were observed. Very few amcehie 
97209°— 15-4 



Journal of Agricultural Resear di 


Vol. IV. No. 6 




Sept. 15, 191S 


Soil Protozoa 


529 




530 


Journal of Agriculiural Research 


Vol. IV. No. 6 




Sept. 15. 191S 


Soil Protozoa 


531 


were developed; one large form was developed from moist soil in dried 
blood extract on the eighth day; thereafter no forms were recomized 
unUl the twenty-third and twenty-fourth day, when a few smallforms 
were noted. Protozoan cysts were very numerous in the former part 
of the experiment, but they gradually disappeared until very few were 
seen after the twenty-second day, thus indicating that in culture solutions 
some of the protozoa do not encyst after they have once become active 
but either die or arc destroyed by other forms. ' 

SUMMARY OF PART II 

Under the conditions of the experiment and with the soils examined 
it was found that: 

(1) In culture solutions the maximum development of small and large 
ciliates and flagellates varies with the culture solution and the condition 
and amounts of soil used for inoculation. 

(2) In dried-blood extract the maximum development of 'all riliates 
and flagellates is from the third to the fourth day, while in soil extract 
it is from the second to the fifteenth day, depending upon the character 
and amount of soil used for inoculation. 

(3) When the maximum development of all organisms is reached, 
there is a gradual decrease in numbers until very few active forms are 
present. 

(4) The greatest numbers of prot 07 .oa developed sooner in culture 
solutions inoculated with the largest quantities of soil. 

(5) Per gram of soil, there is the greatest development from the least 
amount of soil used for inoculations. 

(6) For the development of all forms soil extract seemed to be a little 
more favorable than dried-blood extract. 

(7) The flagellates arc the first organisms to excyst. 

(8) Very few large and small ciliates developed as compared with the 
numbers of flagellates. 

(9) Drjring the soil slightly favored the dcvclopraeut of flagellates in 
soil extract, while with dried blood there was little difference. 

(10) More large and small ciliates developed from the less composted 
soils. 

(11) In dried blood more flagellates developed from the more heavily 
manured soils. 

(12) Very many different types of ciliates were present, while the types 
and numbers of amoebre were few. 

III.-PROTOZOA OF FIELD AND GREENHOUSE SOILS 
introducttox 

The work reported in Part II of this paper on the protozoa of green- 
house soils led the writer to make a more complete mvesrigatioii of the 
development of these organisms in culture solutions. In earlier expen- 
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ments it was found that the development of the different types of pro- 
tozoa varied greatly with the culture solutions employed in studying 
these organisms. 

The purpose of this problem was to study: 

(1) The development of protozoa in different culture solutions. 

(2) The development of protozoa from varying amounts of soil inocu- 
lations. 

(3) The comparison of the numbers and types of protozoa developed 
from compost and field soils. 

A large sample of the same 20 per cent compost greenhouse soil con- 
taining 24.30 per cent of moisture whicb was used in the work on green- 
house soils in Part II was collected Irom a bin in the greenhouse. Like- 
wise a sample of a heavy clay field soil which had not received fertilizer 
for several years was collected from a young orchard. This soil, which 
was taken 3 inches from the surface, had a moisture content of 18.35 
per cent, and the temperature at the time of collection was 0.5“ C. To 
100 c. c. portions of 3 per cent dried-blood extract with 0.05 per cent 
of dibasic potassium phosphate and the same amount of a 10 per cent hay 
infusion * were inoculated with i, 5, 20, 50, and 100 gm. portions of each 
soil. The inoculated solutions were examined for protozoa and then 
incubated at 22° C. for a period of 30 days. At the same hour each day 
counts were made of the organisms developed. The examinations were 
made under the low power of the microscope and the organisms enumer- 
ated by the improved loop method as described in Part I of this paper. 
When the specially prepared slide was not used, in counting culture 
solutions containing more than 350,000 organisms per cubic centimeter 
the loop of culture solution was transferred to a plain glass slide, a 5 mm. 
square of which was carefully ruled off into 40 to 50 small fields of equal 
size. All the organisms in the incomplete fields on the outer portions of 
the film of culture solution were counted, the average of the numbers in 
several fields were taken, and the numbers of organisms calculated as 
in the improved loop method. This method checked very closely with 
counts made by means of the special slide. 

As in the previous work, the same difficulty of distinguishing large bac- 
teria from small flagellates was encountered. Hence, to facilitate the 
enumeration of the organisms it was thought advisable to make all of 
the counts under the low power of the microscope. In many cases it 
was difficult to distinguish small ciliates from flagellates; hence, notwith- 
standing precautions taken in enumerating the organisms, it is quite 
probable that some small ciliates might have been counted as flagellates, 
and vice versa. 

I “This formula was recommended by N. Kopeloff, H. Clay l4nt, and David A. Coleman in i9>5i 
unpublished manuscript entitled, “ A New Method lor the Onmting of Protoaoa and Some Media for Thar 
Development.” 
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In this study the same classification of protozoa was made as in 
previous experiments. The small ciliates included all organisms from 
the smaller to and including Cotpidium colpoda. The vorticells were 
also included. The large ciliates included all forms larger than Col- 
pidium colpoda. The flagellates included alt forms of flagellates that 
were observed. 


DBVEPOPMENT of protozoa in chiture soeutio.ns lnoculated with 
VARIOUS AMOUNTS OF SOU, 


DEVELOPMIINT OF SMACl, CIUATRS 


From Table IX it is apparent that the development of small ciliates 
varies greatly with the kind of media and soil used. It is noted that 
but few of these organisms developed in any of the solutions of dried- 
blood extract inoculated with the varying quantities of field soil. Very 
many appeared from the j-gm. and 20-gm. inoculations of the same soil 
in hay infusion, indicating that only definite types develop under certain 
conditions. That this is true is again apparent. In hay infusion inocu- 
lated with 100 gm. of field soil only a few, organisms developed on the 
second and third days. In the i-gm. and 50-gm. inoculations no small 
ciliates had developed during the whole period of 30 days, but in the case 
where 100 c. c. of hay infusion had been inoculated, with 5 gm. of soil, 
as many as 30,700,000 organisms per gram were present on the eighth 
day. With the 20-gm. inoculations 3,700,000 had appeared on the ninth 
day. In both media more small ciliates developed from the compost 
than from the field soil. In the compost inoculations of both dried blood 
and hay infusion a few organisms appeared on the second day where the 
largest quantities of soil had been used. But the maximum numbers 
were not reached until the fourth day with the former and the fifth day 
with the latter solution. In the development of the maximum numbers 
of smalt ciliates in the difiierent culture solutions, a variation in the period 
of the development was very apparent. In all inoculations of dried blood 
the greatest numbers were noted on the third and fourth days. With 
hay infusion the maximum numbers did not appear until the fifth, and 
in some cases not untU the eighth day, depending upon the amount of 
soil used for inoculation. 


DEVELOPMENT OP LARGE CILIATES 

No large dhates were noted in any of the inoculations of the field soil, 
indicating that either the conditions in the media must have been un- 
favorable for their development or that there were no cysts of large 

ciliates in the soil. . * j u r ♦Ka 

That such cysts are present in greenhouse soil is indicted by the 

development of these organisms in both dried blood and hay mfu -m 
The foLr solution, however, did not seem to be very favorable for their 



534 


Journal of Agricultural Research 


Vol. IV, No. 6 




Sept. IS. 191S 


Soil Protozoa 


535 




536 


Journal of Agricultural Research 


VoI.lV.No.6 








Table IK.— Comparison oj the numbers of large and small ciliaies and Jtagellatcs -whick developed daily in different artificial culture solution i 
lated "with varying quantities of field and greenhouse soils for a period of jo days. These numbers have all been calculated on the basis of l g 
dry soil — Continued 
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development, as only a few appeared with some of the inoculations on 
the seventh to the eleventh day after inoculation. In hay infusion, 
however, they began to appear on the third day; the maximum numbers 
were reached on the fifth to the sixth day after inpculation; then the 
numbers decreased. 

DEVELOPMENT OF FLAGELLATES 

That there were more flagellate cysts in the soils examined or that the 
media employed were more favorable for the development of these 
organisms than for dilates is clearly seen by the fact that in all the 
culture solutions these organisms were more numerous. There was a 
great variation in the development of these organisms in the different 
solutions when inoculated with different soils. Upon noting the develop- 
ment of these organisms from field soil it is seen that in the dried-blood 
extract they appeared the first and second days after inoculation, the 
maximum number being reached on the third and fourth days. In hay 
infusion they appeared the second and third days; the maximum num- 
bers were present from the sixth to the dghth day. 

In inoculations of both media with greenhouse soil the flagellates ap- 
peared on the first day, the greatest numbers appearing from the second 
to the fourth day in the blood extract and from the third to the eleventh 
days in the cases of the inoculated solution of hay infusion. In com- 
paring the period of maximum development of flagellates from the 
various compost soil inoculations, it is seen that with large amounts of 
soil inoculations the greatest development was attained several days 
before the maximum had been reached with the smaller inoculations. 
In total numbers of organisms developing there was no greater majority 
from either soil examined. In some solutions of dried-blood extract 
and hay infusion the greatest numbers were developed from field soils, 
while the greatest development in others was from greenhouse soil. 

DEVELOPMENT OF ALL FORMS OF PROTOZOA 

For the development of all forms of protozoa hay infusion was more 
favorable than dried-blood extract. In the former solutions the bacteria 
seemed to thrive and multiply much more readily than in the latter. 
Thus, if protozoa feed upon these organisms, favorable conditions for the 
development of bacteria might have stimulated protozoan life. In com- 
paring the numbers of all forms of protozoa present it is seen that the 
maximum development is always present at an earlier period in the 
solutions with the largest inoculations. This is in all probability due to 
the presMce of many more cysts in solutions to which larger amounts of 
soil were added. 

In considering the development of protozoa on the gram-inoculation 
basis more than one hundred times as many organisms exeysted from 
the smaller than the larger inoculations of soil. This fact may be due 
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to the increased toxicity produced from the decomposition products of 
bacteria and other organisms. It is very clearly noted that in all inocu- 
lated solutions as soon as the maximum development is reached there 
is a gradual decrease in numbers of all types of organisms. In so far as 
observations have been made, this fact is attributed to several causes: 
The soil contarns various kinds and numbers of living organisms as well 
as spores and many cysts. If the temperature and other conditions, such 
as sufficient desirable food, the absence of harmful toxins, and the presence 
of favorable reactions (acidity or alkalirrity) are present when a culture 
solution is inoculated with the soil, certain types of protozoa as well as 
other organisms excyst and multiply until conditions become unfavorable. 
Owing to the lack of desirable food for certain species of organisms, the 
presence of certain decomposition products of either bacteria, yeasts, 
molds, or protozoa, or the direct destruction by other forms, the organ- 
isms either encyst or die. The organisms probably remain inactive until 
conditions again become favorable, when they excyst and multiply as 
before. 


TYPES OF PROTOZOA DEVP.tOPED IN DrFFEREST CCXTCRE SOLUTIONS 

In hay-infusion solutions inoculated with the greenhouse soil the 
organisms observed corresponded to Voriicdla spp,, Colpoda cucultvs, 
Colpidium colpoda, Prorodon ovum Ehrb., and Glattcoma sp. The first 
two mentioned appeared the second day after inoculation; the others 
were first noted on the sixth day. In some solutions a few of these 
forms were still present on the thirtieth day. No vorticellae devel- 
oped from any inoculations with field soil, indicating that this form 
inhabits rich moist soil. This fact has already been noted by several 
investigators. In hay infusion several different unidentified types devel- 
oped. This has never before been observed in any of the other culture 
solutions. A large type of flagellates developed on the third day after 
inoculation. In some solutions of hay infusion these forms appeared 
soon after the smaller ones had disappeared. Colpoda was the most com- 
mon form of ciliate in inoculations with field soil, h rom inoculations of 
field soil types of dilates developed different from those in solutions to 
which greenhouse soil was added. It was also noted that fewer types 
of organisms were developed from the former than from the latter soil. 

In hay infusion the large dilates were markedly different from those 
which had already been observed with dried-blood extract. In the 
former solution inoculated with greenhouse soil but one type was 
observed. It was very apparent that dried-blood extract was the most 
favorable for the development of many types of large dilates. 

On the ninth day after the inoculation in hay infusion to which fie 
soil had been added millions of very minute organisms that appeared 
to be flagellates were noted. These could barely be reco^jiiize unt 
the low power of the microscope. This form was not counted, but was 
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observed to be present throughout the experiment. Similar protozoa 
appeared on the fourteenth day in hay infdsion to which greenhouse soil 
had been added. 

In hay infusion it was very apparent that as the numbers of protozoa 
decreased the number of cysts increased. That all the protozoa do not 
encyst when conditions become unfavorable is shown by the fact that 
very many dead forms of Glaucoma and Prorodon were seen. 

On the twentieth day species of Euglena appeared in dried blood inoc- 
ulated with field soil and in hay infusion to which greenhouse soil had been 
added. The latter solution was favorable for the development of these 
organisms, as 600 per gram of soil appeared on the twentieth day, while 
on the thirtieth day 28,000 organisms of Euglena spp. per gram were 
counted. 

That the soils examined contained a small number of amcebse cysts 
or that the conditions in the culture solutions were unfavorable for their 
development was judged by the fact that very few were observed. From 
the soil inoculations in dried blood no forms of aina?bae were recognized, 
while in the case of the hay infusion to which greenhouse soil had been 
added a few were observed on the twenty-first day. 

SUMMARY OF PART III 

tihder the conditions of this experiment and of Part II it is apparent 
that in developing protozoa from the soil in artificial culture solutions 
differtnt numbers and types of protozoa will be developed for every 
variation in the amounts of each soil used for inoculation and with every 
culture solution used. 

IV.— EFFECT OF TEMPERATURE UPON THE DEVELOPMENT OF SOIL 
PROTOZOA 

I.NTRODUCTTON' 

In the earlier experiments recorded in Parts II and III of this article 
it was shown that the development of the numbers and types of soil 
protozoa in artificial culture solutions varied with the kind of culture 
solutions as well as with the quantity, ’physical condition, and kind of. 
soil used for inoculation. 

The problem under discussion deals with the development of the 
numbers and types of soil protozoa which appear at various tempera- 
tures in artificial culture solutions inoculated with soil of different origin. 

That different conditions of temperature affect the development of 
protozoa in the soil was recorded by Cunningham (3, p. 14), who, after 
inoculating a quantity of soil for a period of nine days at 5 to 7® C., then 
increasing the incubation temperature to 22® C., noted an increase in 
the numbers of protozoa developed after seven days. “Exposure to a 
temperature of 30° C. for seven days has caused a fall in the total num- 
bers but a distinct rise in the number of cysts.” 
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A sample of the 20 per cent compost greenhouse soil which hurt been 
used in previous experiments was collected. Likewise another sample 
of the heavy unfertilized clay soil used in another study was brought to 
the laboratory. A third sample, a light loamy soil which contained'’: 2 . i q 
per cent of moisture and which had received an application of 20 Ions of 
barnyard manure per acre for the last 20 years, was collected 3 inches 
below the surface. The upper iX inches were frozen, but the tempera- 
ture at 3 inches was 1.5° C. at the time of sampling. 

Tour 200 c. c. Jena Erlenmeyer flasks containing 100 e. c. portions 
each of 3 per cent dried-blood extract with 0.05 per cent of dibasic potas- 
sium phosphate and the same number of flasks containing 100 c. c. por- 
tions of a 10 per cent hay infusion were inoculated with 5-gm. samples of 
the newly collected moist soils. (It was found in Parts II and III that 
on the gram basis a greater development of protozoa can be produced 
with smaller amounts of soil.) The inoculated solutions were examined 
for living protozoa, and then one flask of each solution of hay infusion and 
blood extract inoculated with each soil was incubated ht temperatures 
of 5 to 7° C., another set at 15 to 16° C., a third at 22 to 23° C., and a 
fourth at 29 to 30“ C., for a period of 30 days. At the same hour each 
day these solutions were examined and tlic living protozoa counted by 
the improved loop method under the low power of the microscope.! 

In order that the inoculated solutions should not vary in temperature 
during examination, they were kept in constant-lciupcrature baths. In 
like manner, to guard against excessive evaporation from the solutions 
inoculated at 29 to 30° C., each flask was placed in a container of water 
and covered with a large beaker. To prevent variation through the 
possible effect of excessive light, the flasks were screened in all cases 
during the incubation period. 

As in the previous experiments, the classification of protozoa that was 
followed in this problem was as follows; The small ciliates included all 
organisms from the smallest to and including Colpidinm colpoda. The 
vorticella type were also included. The large ciliates included all forms 
larger than Colpidium cclpoda. The flagellates included all the 
of flagellates that were observed. 


DBVEUOP.ME.NT OF SOU, PEOTOZO.\ IX CULTURE SOLUTIO.XS AT V.ARIOUS 
TE-MFERATURES 


DEVULOPMEN’T op SMALE ClUATIiS 

That the varying condition of temperature is a very important factor 
in the development of soil protozoa in culture solutions ts noted by the 
marked variation in the numbers of organisms present. 1 '“^ - 
opment of small ciliates a temperature of 6 to 7 C. prove ve y 
able as in none of the inoculated solutions did the orgamsms exceed 
265, per gram. At this temperature blood extract seemed to be more 

97209°— 15 5 
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favorable than hay infusion. That the conditions in the solutions exam- 
ined were unfavorable for the existence of these organisms is seen by the 
fact that they did not appear until the twelfth to the fourteenth day, 
while in others they did not develop throughout the entire period of 30 
days. 

With the exception of solutions of hay infusion inoculated with green- 
house and fertilized field soil, in all inoculations of both media greater 
numbers of small ciliates developed at 15° to 16“ C. than at any other 
temperature, indicating that with these culture solutions this tempera- 
ture is the most favorable for the development of small ciliates. With 
every soil examined there was a much greater development of these 
organisms in hay infusion than in blood extract. These facts indicate 
that only certain types of small ciliates exist and develop at a definite 
temperature and that the extent of their development is influenced by 
the amount of desirable food and other favorable conditions in the cul- 
ture solutions. Because of the fact that the development of small cili- 
ates in dried-blood extract at 15° to 16°, 22“ to 23°, and 29° to 30° C. 
was not as great as in the solutions of hay infusion, the maximum num- 
bers were in most cases developed sooner in the former than in the 
latter solutions. At 15“ to 16° C. in inoculated solutions of both media 
the period of maximum development varied considerably. In the inocu- 
lation of dried-blood extract with greenhouse soil the greatest numbers 
were reached on the seventh day, while with the other soils a longer 
time was required. The maximum development with the field-soil 
inoculations was on the thirteenth day. With the fertilized field soil the 
greatest number was not reached until the twenty-fifth day after inocu- 
lation. In solutions of hay infusion with greenhouse soil the ma.xi- 
mum number of organisms was reached on the thirteenth day, with the 
fertilized field soil on the eleventh day, and with the field soil on the 
nineteenth day after inoculation. 

Incubating at higher temperatures as a rule encouraged a more rapid 
development of these organisms. However, this fact was not universal, 
but it was noted that at the temperatures of 22° to 23“ and 29“ to 30“ C. 
the small ciliates began to appear at an earlier period than at lower tem- 
peratures of inoculation. This fact is especially marked in the green- 
house and fertilized-soil inoculations of both media. At 29° to 30° C. in 
the greenhouse-soil inoculations the organisms appeared on the second 
day, at 22° to 23° C. on the third day, at 15° to 16° C, on the fifteenth, 
and at 6° to 7^ C. in one inoculation on the twelfth day, and with the 
other they did not appear until the twenty-seventh day. A very similar 
circumstance was noted with the fertilized field soil, but in this case at 
the highest temperature the organisms did not appear until the third 
day, in solutions inoculated at to 16'’ C. on the fifth to sixth day, 
while in solutions inoculated at 6° to 7° C. they appeared on the four- 
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teenth day, and in the other solution they did not appear at all. For 
the development of the greatest numbers of small dilates at the differ 
ent temperatures, in the media inoculated with the various soils the 
greatest numbers developed in hay infusion at 29° to 30“ C. with iiuxu- 
lations of greenhouse and manured field soil, while with field soil the 
maximum development was at 15® to 16° C. 

DUVRlrOPMENT OP LARGE CILIATES 

On examining Tables X, XI, and XIl it at once becomes apparent 
that either the soils examined contained very few large ciliate evsts or 
the conditions in the media were unfavorable tor their existence, as 
very few of these organisms developed. Blood extract seemed a little 
more favorable than hay infusion. In all the inoculations with the 
greenhouse soil a lew large ciliates developed. In solutions of dried- 
blood extract with the greenhouse soil at 6° to 7° thev first appeared 
on the fourteenth day, at 15" t« ifi" on the sixth, at 22° to 2.3° on the 
fourth, and at 29° to 30° C. they did not appear until the ninth day 
after inoculation. At 22“ to 23° and 29" to ,30° C. a few large ciliates 
developed in the hay-infusion inoculations of greenhouse soil. With 
the exception of a few organisms that appeared in the blood-extract 
inoculations of the manured field soil at 15° to id'’ and in the hay- 
infusion inoculations of field soil at 29® to 30® C. and in the one men- 
tioned above, no large ciliates appeared in any of the solutions. 


Again the temperature plays a very important role in the develop- 
ment of flagellates. Upon considering the largest numbers of organ- 
isms developed at different temircratures in dried-blood extract, it is 
seen that in all cases the greatest development appeared at 6® to 7“ 
and the smallest at 29® to 30® C. There were 150 to 250 limes as many 
developed at the former temperature as at the latter. In comparing 
all inoculations of hay infusion it is noted that the greatest develop- 
ment for all the soils examined was at 15® to ifi®; the smallest in some 
cases occurred at 6® to 7°; in others at 29® to 30®. With one excep- 
tion, at 6° to 7®, greater numbers were developed in hay infusion than 
in dried-blood extract. Comparing the greatest numbers of flagellates 
developed at the different temperatures and in the various media, it is 
seen that the greatest development for all soils was in hay infusion at 
15° to 16° C, In all cases in the inoculations of hay infusion and in 
most cases with dried-blood extract at 6® to 7® these organisms did not 
appear until the fifth day and the maximum was not reached until the 
twenty-eighth or twenty-ninth day after inoculation. 



Table XI . — Period of the maximum development and numberof small ciliales, large ciliates, and flagellates at different temperatures in dried-blood 
extract and hay injusiou.inoculaied with the same amount of the various soils 


Vol.lV. No. 6 
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DEVELOPMENT OP SOIL PROTOZOA AT DIFFERENT TEMPERATVRES 


From the data presented it is seen that the maximum number of 
small ciliates in the dried-blood extract were found at 15° to 16“ C., 
while the greatest number of flagellates appeared at 6° to 7“ C. In 
hay infusion the flagellates developed in greater numbers at 15“ to 16“. 
In some solutions of hay infusion the small ciliates developed at 15° to 
16° and in others at 29“ to 30“ C. 

That the ciliates were directly detrimental to the development of 
flagellates can not be definitely stated at this time, but it is noted that 
in solutions of culture media incubated at 6° to 7“ C, where very few 
ciliates developed when the flagellates had exeysted, many more were 
present until the end of the experiment than had been noticed in any 
other inoculations. In view of this tact the flagellate development 
might be influenced by the presence of ciliates. At 6° to 7“ C. the 
maximum number of flagellates appeared from 7 to 17 days before 
the maximum ciliate development was reached. At this -temperature 
in no case was the maximum ciliate development noted until the tenth 
or eleventh day, while the greatest ciliate development appeared from 
the seventeenth to the twenty-seventh day alter inoculation. In all 
inoculations of hay infusion at 6° to 7° the maximum number of flag- 
ellates developed at an earlier period than did the ciliates. The maxi- 
mum development of the former occurred from the twenty-first to the 
twenty-ninth day, while that of the latter was ,io days after inocula- 
tion. In all inoculations at 15° to 16“ the maximum development of 
small ciliates and flagellates was reached sooner than at the tempera- 
ture of 6° to 7° C. This period varied from 2 to 20 days. In compar- 
ing the inaxitiium numbers of small ciliates and flagellates developed at 
22° to 23° with those developed at lo" to 16° it is seen that, with two 
exceptions, the greatest development was reached earlier at 22° to 23“ C. 
Comparing the development at 22° to 23° with that at 29“ to 30“, it 
is seen that there was no uniformity; in some cases the maximum was 
reached sooner at the former, while in others it occurred at the latter 
temperature. As in previous experimeuts, when the maximum deve - 
opraent was readied, the numbers of protozoa gradually decreased, 
showing that the conditions for conUnuotis multiplication became iinfa- 


' Table XII shows the variation in the rate of multiplication of the 
protozoa in the different solutions from their first ' 

the first increase was noted. This increase was usually^ the hist day 
Ifter their presence was noted. There is a marked difference in the 
rite of multiplication of each type in each solution at every different 
SmplTe employed. No correlation is noted 
plication of the small ciliates in Kke f^tTcT Tds 

soil incubated at different temperatu^. In like 

true for the mullipJication of the llagdlates and large abates. 
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manner there is no correlation between the multiplication of the differ- 
ent protozoa (all types) in the different infusions inoculated with the 
same soil and indubated at the same temperature. For nearly all inoc- 
ulations the greatest multiplication of the flagellates is noted at 22® to 
23° C. In some solutions the small ciliates multiplied faster at 15° to 
i6®, in others at 22° to 23°, and in still others at 29° to 30° C. 

Table Xll.—RaU of multiplication of the protozoa in culture solutions f rom the time of 
their first appearance until the first increase was noted. This period was usually 24 
hours 

INCnHATBD AT 6 TO ■} C. 


Solutiun 

No. 

Large 

ciliates. 

Small 

ciliates. 

Flagel- 

lates. 

nil 

30 

3-« 

S-o 



6.0 


1113 

Itu 



9.0 

Ills 

1116 





13- 0 

40, 0 

INCUBATED AT 1$ TO 16* 


1131 

« ^ 

4-0 

10- 0 

1133 


so 

148- 0 

112^ 


3. 0 

4-5 

1124 


I- s 

30 

113$ 

2-0 

J-0 

lA. 0 

1126 


24-0 

14-0 

IS’CUfl.^TED AT 23 TO 23® 


1131 


3-i 

3-0 

1132 

4.0 


30 

XI33 


0 


1134 


2- S 

4- S 




136.0 

1136 


3- J 

1 . 408- 0 

IMCUBATED AT *9 TO 30* 

C. 

1141 


6.0 

3.0 

1142 


as9-o 


1143 


a. 0 

t-s 

1144 




1145 


3-0 

4.0 

1146 


380-0 

401.0 


If in the future study of soil protozoa quantitative determinations are 
to be made, deiinite standards of quantity and of certain character 
(moist or dry) of soil must be taken in order that all the results will be 
comparable. Likewise, a definite standard of inoculation temperature 
and the kind of culture media must be fixed. The time at which the 
examinations are made must be uniform. 

In so far as the data presented in Parts II and III show on the gram 
basis the greatest development of certain types of small ciliates, large 
ciliates, and flagellates is secured from i-gm. inoculations in too c. c. of 
solution. However, 5 gm. of soU would be more representative than 
I gm; and, as shown by Cauda and Sangiorgi (2), on the gram basis 
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larger numbers of organisms would develop from this quantity than 
from larger amounts of soil. 

In comparing the development of protozoa from moist and dry soils 
(Part 11 ) very little difference in the development of small ciliatcs, large 
dliates, and flagellates was found, but in order that the conditions of 
the soil protozoa tvould not be varied in this experiment moist soil was 
used. 

Cunningham {3, p. 14) found 22 ° C. the optimum temperature for the 
development of most soil protozoa. In this problem a great variation 
was found. The greatest uniformity of results in the development of 
small ciliates was obtained at 15° to 16°. With flagellates 6“ to 7° was 
the optimum in some solutions and is" to 16“ in others. As compared 
with the development at 22° to 23°, a much longer period of time was 
required for the maximum numbers of protozoa to develop at the l#m- 
peratures lower than 22“ to 23°. It may be added that 22° is more con- 
venient to maintain in the laboratory. 

In culture solutions the conditions are much different compared to 
those found in the soil, as was already suggested by Martin (12). Of the 
solutions examined the hay infusion proved the most satisfactory for the 


development of large numbers of orgaqisms, the total being much greater 
than tliose appearing in the natural soil. It is probable that the results 
produced by adding the soil to tap water more nearly represents the 
conditions as they are found in the soil. 

In order that the results may be comparable, the examinations of the 
inoculated culture must be made periodically every day. The length of 
time a culture should be incubated will vary with the temperature of 


incubation, kind and amount of soil, and kind of medium. Under cer- 
tain conditions some types of protozoa appear on the first day after 
inoculation; these would multiply very rapidly and probably depress 
the development of other fonns. Again, certain types might not appear 
until the eighteenth or twenty-second day after inoculation. With few 
exceptions, however, at temperatures of 15°, 22°, and 29'' C., the maxi- 
mum development of small ciliates and flagellates in the culture solu- 
tions inoculated with the soils examined was not reached until the thir- 
teenth or fourteenth day. The writer is of the opinion that the develop- 
ment in artificial culture solutions in the first live to seven days would 
more nearly show the numbers of cysts of small abates and llagcllatcs 


present in the soil. , . , . 

The conditions under which the experiments have ° 

seemed to have been very unfavorable for the development of large uliates 
and amcebs. In the soils examined, however. ° ; 

could be readily seen under the microscope. Sa 

(2, p. 396) developed many amocbie m GiUay s Omehans , , . 

pepLe! and mannite solutions, showing that these organisms were pres 
ent in the soils which they examined. 
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DBVELOPMRNT OP THE DlPPERENT TYPES OF SOIL PROTOZOA 

That the temperature influences the development of the different types 
of soil protozoa in culture solutions is shown by the fact that the numbers 
of the different species developed varied a great deal. The forms studied 
tallied best with the descriptions of Colpoda cuctUlus, Colpidium colpoda, 
Vorticella spp., Prorodon ovum, and Glaucoma sp. They appeared in 
some of each series of solutions incubated at 15*^, 22®, and 29“. Of these 
organisms Colpoda cucxdlus was the only one that developed at 6®. At 
this temperature only a few appeared on the fourteenth day, and these 
were present until the twentieth day. Other ciliates that developed at 6® 
were Paramecia spp. At 15® Colpoda cucullus was the most numerous 
form of the ciliate type. These first appeared on the sixth day and 
were present throughout the experiment. Incubating at 15° was not 
very favorable for the development of the vorticellse. They appeared 
on the fifth day and were still seen on the thirtieth day after incubation. 
Besides species of Colpoda, Vorticella, Prorodon, and Glaucoma, long 
slender ciliates, possibly CondylosUma patens Miill., were very numerous 
at 22® and 29°. At 22® species of Vorticella, Colpoda, Prorodon, and 
Glaucoma appeared on the third day. The vorticella^ were present until 
the twenty-sbith day after inoculdlion, while the other forms were still 
seen on the thirtieth day. The temperature of 29® was more favorable 
for the development of Colpoda cucullus, Prorodon ovum, and Glaucoma 
sp., but at this temperature many vorticellae were also developed. This 
last-named form appeared on the second day and was noted until the 
fifteenth day after inoculation. The most prominent flagellates were 
species of Monas and Bodos. 

As previously noted in Part III, all the small ciliates do not encyst 
when the conditions become unfavorable. This was again noted, for in 
the solutions incubated at 29® many dead individuals of Prorodon ovum 
and Glaucoma sp. were seen on the seventh day after inoculation. 

The higher temperatures of incubation were the most favorable for 
the early exeystment of small ciliates. 

That the Vorticella cysts are present in field soils which have received 
applications of manure is shown by the fact that these organisms devel- 
oped in culture solutions inoculated with the fertilized Soil. The num- 
bers, however, were very small as compared to those developed in solu- 
tions inoculated with greenhouse k>il. 

Upon several occasions during the examination of the solutions an 
individual of Colpoda cucullus was seen in the process of being exeysted. 

The conditions under which this experiment was carried out seemed 
to be unfavorable for the development of amoebse, as none of these organ- 
isms developed in any of the media employed. 
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SUMMARY OK PART IV 


Under the experimental conditions described above it has been found 
that: 

(1) A temperature of 15“ to i6» C. is the most favorable for the devel- 
opment of small ciliates. 

(2) At 15° to 16° hay infusion is the most favorable culture solution 
for the development of small ciliates. 

(3) The maximum numbers of small ciliates are developed at an ear- 
lier period in dried blood than in hay infusion. 

(4) The maximum development of small ciliates at 6 ^^ to 7° varies 
from 17 to 30 days after inoculation. 

(5) At 15® to 16® the maximum development of small ciliates occurs 
from seventh to twenty-fifth day after inoculation. 

(6) The small ciliates develop sooner at the higher than at the lower 
temperatures. 

(7) The lower temperatures retard the development of small ciliates. 

(8) Bried-blood extract and hay infusion are unfavorable media for 

the development of large dilates. ^ 

(9) Large ciliates will develop at all the temperature.s noted if condi- 
tions are favorable. ' 

(10) Many flagellates develoi)ed at all temperatures noted. 

(11) The maximum development of flagellates occurs at 6° to 7° in 
dried-blood extract and at 15° to 16° in hay infusion. 

(12) Hay infusion is the most favorable medium for the development 
of maximum numbers of flagellates. 

(13) The higher temperatures encourage early development of flagel- 
lates, while lowest temperatures retard their development. 

(14) At all temperatures the flagellates develop sooner than the 
ciliates. 

(15) At 15° to 16® the flagellates appear four or five days before the 
ciliates. 

(]6) As soon as tlie maximum development is reached there is a 
gradual decrease in the numbers of all forms of protozoa. 

(17) Species of Colpoda, Vorticella, Prorodon, and Glaucoma develop 
at 15“ to 16°, at 22° to 23°, and at 29° to 30°. 

(18) A few individuals of Colpoda and Paramecium develop at 6“ to 7“. 

(19) At 15° to 16“ C. Colpoda is the most numerous ciliated fonii. 

(20) The temperature of 29“ to 30° is very favorable for the develop- 
ment of species of Colpoda, Prorodon, and Glaucoma. 

(21) Some ciliates die when conditions become unfavorable. 

(22) Vorticella cysts are present in field soils which have received 


applications of manure. 

(23) Hay infusion and dried-blood extract are unfavorable 
the development of amoebae. 


media for 
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GENERAI, CONCLUSIONS ON THE DEVELOPMENT OF SOIL PROTOZOA 
IN ARTIFICIAL CULTURE SOLUTIONS 

From all data which have been presented in this paper the writer feels 
that he is warranted in concluding that — 

(1) The development of soil protozoa in artificial culture solutions 
inoculated with the soils which have been examined varies with the con* 
ditions of the problem. 

(2) The development of soil protozoa in artificial culture solutions 
varies with the kind of media employed. 

(3) For each quantity of soil which is used for inoculation there is a 
variation in the development of protozoa. 

(4) Drying the soil affects the development of soil protozoa. 

(5) There is a variation in protozoan development in every greenhouse 
soil. 

(6) Field soil causes differences in the protozoan development. 

(7) At each temperature of incubation there is a variation in the 
development of soil protozoa. 

LITERATURE CITED 

(1) BrIvAL, E. 

1896. Decomposition des vegetales en presence de I’eau et de la 

terre. In Ann. Agron., t. 22, no. 8, p. .362-375. 

(2) CAiroA, A., and Saxgiori, G. 

1914. Untersuchungen uber die Mikrof.atina der Bdden aus Reisgegenden, In 
Ceiitbl. Bakt. [etc.], Abt. 2, Bd. 42, No. 15/16, p. 393-398. 

(3) Cunningham, Andrew. 

19:4, Studies on soil protozoa. II. Some of the activities of protozoa. In 
Centbl. Bakt. [etc.], Abt. 2, Bd. 42, No. 1/4, p. 8-27. ‘ 

(4) and LChnis, Felix. 

1914. Studies on .soil protozoa. I. The growth of protozoa on various media 
and the effect of heat on active and encysted forms. In Centbl. 
Bakt. [etc.], Abt, 2, Bd. 39, No. 23/25, p. 596-610. 

(5) Khrenberg, C. G. 

1837. Die Fossilen Infusorien und die Lebendige Dammerde. 27 p., 2 col. pi., 
I tab. Berlin. 

(6) Fraxc^, R. H. 

igii. Studien liber edaphische Organismen. In Centbl. Bakt. [etc.], Abt. 2, 
Bd. 32, No. 1/2, p. 1-7. 

(7) Goodey, T. 

1911. A contribution to our kno\¥ledge of the protozoa of the soil. In Proc. 
Roy. Soc. [London], s. B, v. 84, no. 570, p. 165-180, i fig., pi. 4- 

( 8 ) 

:9i4. Investigations on the protozoa of soil. (Abstract.) In Rpt. g3d Meet- 
ing Brit. Assoc. Adv. Sci., 1913, p. 775. 

(9) GkEEFF, Richard. 

1866. Ueber einige in der Erde lebende Amoben und andcre Rhizopoden. 
In .\rch. Mikros. Anat., Bd. 2, p. 299-331, pi. 17-18. 

(10) Killer. J. 

1913. Die Zahlung der ftotozoen im Boden. 7n Centbl. Bakt. [etc.], Abt. 2, 
Bd. 37, No. 17/21, p. 521-534. 



Sept. IS. rsiiS 


Soil Protozoa 


559 


(11) LShnis, Felix. 

1911. Landwirtschaftlich-bakteriologisches Praktikum ... 156 p., 39 fig,, 3 pi. 

Berlin. 

(12) Martin, C. H. 

1913. The presence of protozoa in soils, /n Nature, v. 91, no. 2366, p. m. 

(13) and LEWin, K. R. 

1914. Some notes on soil protozoa. In Phil. Trans. Roy. Soc. London, s. B, 

V. 205, p. 77-94, pi. 5-6. 

(14) Muller, P. T. 

1912. tiber eine nene, rasch arbeitende Methfide der bakieriolo^ischen Was- 

senmtersuchung imd ihre Aiiwendung auf die Priifung \on Bninncn 
und Filtenverken. /ti Arch. Hyg., Bd. 75, Heft 4 5, p. 1S9-223 , 2 fig. 

(15) Rahn, Otto. 

1913. Methode zur Schalzung der Anzahl von Protozoen im Boden. In 
Centbl. Bakt. [etc.], Abt. 2, Bd. 36, No. 15/18. p. 419-421. 

(16) Russell, E. } , and Hutchinson, H. B. 

1909. The effect of partial sleriUzatiou of soil on the production of plant fwd. 
Jour. Agr. Sci., v. 3, pt. 2, p. 111-144, pi. 8-9. 

1913. The effect of partial sterilization of soil on tlie production of plant food, 
II. The limitation of bacterial numbers in soils and its consequences, 
In Jour. Agr. Sci., v. 5, pt. 2, p. 132-221. 

(18) and Petherbriixje, F. R. » 

1912. Investigations on “sickness”, in soil. II. “Sickness” in glasshouse 
soils. In Jour. Agr. Sci., v.*5, pt. i, p. 86-ni, pi. 2-5. 

(19) Wolff, Max. 

1909. Der Einfluw der Bewassenmg .luf die Fauna der Ackerkrune niit beson- 
" derer Beriicksichtigiuig der Bodenprotozoen. In Mitt, Kaiser Wil- 
helms Inst. Landw. Bromberg. Bd. i. Heft 4. p. 382-401, 49 fig. 
97209®— 15 6 




TYLENCHUS STMILIS, THE CAUSE OF A ROOT DISEASE 
OF SUGAR CANE AND BANANA 

By N. A. Cobb, 

Tedmohgist in Charge, Office of Agricultural Technology, 

Bureau of Plant Industry 

OCCURRENCIi OF TYLENCHUS SIMILIS IN FIJI AND HAWAII 

A serious outbreak of a disease among bananas {Musa safientim) in 
Fiji in 1890-91 caused the planters great uneasiness. At the request 
of Sir John Thurston, British High Commissioner of the Pacific, (he 
Department of Agriculture of New South Wales, Australia, undertook 
an investigation, which was conducted by the writer. Most of the banana 
plants examined grew in the gardens adjacent to Government House 
at Suva, Fiji, where experimental plantings were made in connection 
with the disease. During the investigations roots of the banana and 
the soil about the roots were examined with a view to discovering pos- 
sible causes of the disease. It was during this particular part of the 
investigation that a new species of nematode was discovered, to which 
the name "Tylenckus similis” was aj^lied. Only the male was seen. 

Nothing further was discovered concerning this species of Tyknehus until 
1 907, when, during a visit to sugar plantations on Kauai, one of the Hawa- 
iian Islands, the same nematode was again found by the writer, this time 
infesting the roots of sugar cane (Saccharum officiruirum). Both sexes of 
the nematode were found in abundance, and to these specimens, which 
at the time appeared to represent a new s])ecies, the name “Tyknehus 
biformis” was applied. T. bijormis proved to be a tnie parasite and was 
found to be sufficiently injurious to the roots of sugar cane to justify a 
careful examination. 

The nematode appeared to attack the roots at or near the tips, with 
the result that the root soon succumbed, thus compelling the plant to 
throw out new roots, which in turn became infested. The attacks of the 
nematode resulted in striking lesions, easily discoverable whenever the 
attacks were of a pronounced character. The tissues of the root lost 
their white or colorless appearance and took on first a cinnabar-red color, 
then a reddish purple color. The latter was succeeded by a dark pur- 
lish red, and this in turn by a purplish black. The discolored areas 
were sometimes several millimeters in length. In advanced cases the 
tissue of the axial part of the root was attacked, and large numbers of the 
nematodes were readily discovered in the colored cavities caused by 
their activities. The seriousness of the result was increased by the fact 
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that the breach created by the nematodes afforded entrance to fungous 
and microbic enemies. 

It will thus be seen that this Hawaiian species of T3denchus was found 
under circumstances conclusively proving its parasitic nature. Every 
degree of infestation was found in the sugar-cane roots, from those which 
upon external examination, even with a lens, appeared to be in a sound 
condition to roots spotted with numerous dark infested areas, each har- 
boring scores of the nematode paraiates. Sections of the roots showed 
that the cavities inhabited by the nematodes were colored or blackened 
on the inside and that it was this discoloration w^liich gave rise to the 
outward appearances already described. All stages of the nematode 
were found in the cavities, including full-grown males and females, and 
it was plain that this species of Tylenchus lived generation after genera- 
tion largely in the roots of the sugar cane, though it would undoubtedly 
be necessary, in the natural course of events, for the progeny sooner or 
later to remove from one root to another or from one plant to another. 
It was therefore to be expected that nematodes of this species would be 
found in soil adjacent to the roots of sugar cane, although the investi- 
gations made at the time did not disclose any stage of the parasite living 
free in the soil. 

OCCURRENCE OF TYLENCHUS SIMILIS IN JAMAICA 

Recently this nematode disease has been reported from the Island 
of Jamaica. The following are extracts from letters written by Mr. S. F. 
Ashby, ^licrobiologist of the Department of Agriculture, Jamaica: 

I send you in a carton some fragments of diseased portions of rhizomes and true 
stems of the Jamaica (Gros Michel) banana presert'cd in dilute formalin. The disease, 
locally called “black head,” shows as a black rot working into the tissue from the 
surface usually from around the insertions of disca.sed roots; the roots when attacked 
show depressed dark flocks at the surface, and within the cortex a ptirple rot disin- 
tegrating in the older parts. 

The disease is widespread here owing to suckers for planting being frequently dug 
from affected stools; it is responsible for much backward growth and short bunches 
on land depending on rainfall in moderate or bi^d seasons. 

Dr. Erwnn F. Smith, after an examination of the material accompany- 
ing Mr. Ashby’s letter, was of the opinion that the disease was not 
caused by Fusarium spp. 

DESCRIPTION OF TYLENXHUS SIMIIJS* 

A comparison of the species of Tylenchus found in Hawaii with the 
other species known at the time seemed to indicate that it was not iden- 
tical with any form previously described. It was, however, pointed 

' For an explanation of the formula used in descriplumstrf nematodes Cobb, N. A., Antarctic Marine 
Free-Living Nematodes of the Shackeltoo Expedition, p. 6, Baltimore. 1914 (Contrih. Sci. Neina- 
tolog^-, I). 

The illustralions were prejxircd under the author’s personal supervision by Mr. W. E. Chambers. 
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out that the males and females were so unlike that, had they not been 
found in conjunction and under such circumstances as to preclude the 
possibility of error in assigning them to one and the same species, it 
is probable that they would have been considered to be separate species. 
The remarkable similarity of the male to those of the species of Tvlen- 
chus previously found about banana roots in Fiji did not escape notice, 
but as the Fijian observations were incomplete, no females of the Fijian 
species having been seen, the question of the identity of Tylenchus 
similis and Tylettchus biformis was not raised. The present investiga- 
tion establishes the identity of these two species. The species should 
therefore bear the prior name “Tylenchus similis Cobb, 1892 .” 

This nematode is, in the opinion of the writer, clearly proved to be the 
primary cause of a disease of the sugar cane, Mr. S. F. Ashby, in a 
recent letter, writes as follows concerning its relation to banana : 

I at first attributed the attack (on banana] to the joint action of .a Fusariuiii and a 
coH-like bacterium frequently isolated from the rot; inoculation of cither or both failed 
to cause a similar rot . Kelworms ' were always found present, and on going through 
samples from various sources again I invariably came across the same species in the 
advance margin of the rot both in rhizomes and ryots. 

The specimens forwardctl by .Mr. .AfJiby contained no other organism 
that would appear to have caused the lesions. 

■ The following description of Tylenchus similis is derived from speci- 
mens forw'arded from Jamaica by Mr. Ashby in diseased banana tissues. 

Tylenchus sitnilis Cobb. / . 3. 7 The 

TslencliusbifsrmisCohb.tStCT. 1 t-'' / 3.4 3.8 2.6 

moderately thick layers of the transparent, naked, colorless cntirli; 
are traversed by somewhat more than 400 transverse stria-, which are 
not further resolvable. The transverse striae are interrupted on the 
lateral fields by conspicuous wings, the presence of which is indicated 
by four longitudinal stria taking up a space equal to one-fourth to 
one-third the diameter of the body. The two outer of Ihc-sc lines 
are more conspicuous than the two inner, inasmuch as they arc some- 
what wider and more refractive. The two inner lines are sometimes 
faint and occupy about one-fourth to one-fifth the width of the entire 
wing space. The outer margins of the wings are almost imperceptibly 
crenate, a feature which is associated with the transverse strire of the 
cuticle; the inner lines are also crciiate, but even less markedly so. 
These wings begin opposite the base of the spear, where, however, they 
are not so pronounced as along the median regions, and extend backward 
to near the end of the tail. They maintain their maximum development 
in a rather unifonn way from opposite the nerve niig to a little behind 
the anus. The posterior portion of the neck is subcyhndroid, while the 
anterior portion is convex-conoid, and ends in a rounded hea d, which in tlie 
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female has a flattish, hemispherical lip region, set off by a more or less 
distinct constriction. The striae begin to diminish in size in the neigh- 
borhood of the base of the spear, and are'^ly about one-third to one-half 
as wide at the base of the lips as they are farther back. These transverse 
striae are so pronounced a feature that they give to the contour of the 
body a crenate appearance, especially toward the posterior extremity. 
The lip region also is minutely transversely striated, the number of 
labial striae being about 8 to 10. There are arched radial ceratinous 
elements in the lip region, but these have not been accurately counted. 
It seems likely there are about six of them. The mouth opening is very 
small, and the vestibule is strengthened by ceratinous elements which 
sei^'e as a guide to the spear. This latter is somewhat longer than the 
base of the head is wide and in the females at least is a strongly developed 
and doubtless very efficient organ. It may be divided into two regions 
the posterior of which is cylindrical, and ends at its hinder extremity 
in a strongly developed threefold bulb, about one-fourth as wide as the 
corresponding portion of the head, and to which are attached muscles 
that pass forward to near the outer portion of the base of the lip region. 
The anterior half of the spear is narrower, ends anteriorly in a somewhat 
blunt point, and is hardly half as wide as the larger jx^terior cylindrical 
portion. At the base of the spear the oesophageal tube begins. At this 
point it is about two-fifths to one-half the width of the corresponding 
portion of the neck. It has this diameter until near the median bulb, 
where it diminishes in such a way that at the actual junction with the 
bulb the diameter of the definite constriction separating it from the 
bulb is only one-fourth to one-sixth that of the neck. The median bulb is 
fairly well developed in the female, though much deteriorated in the male. 
In the female it is elongated to ellipsoidal in form, and about two-thirds 
as wide as the corresponding portion of the neck. It is supplied with a 
fairly well-developed but somewhat simple refractive valvular apparatus 
having a diameter nearly one-third as great as that of the bulb itself. 
Behind the bulb the oesophagus is again narrow — about one-sixth as wide 
as the corresponding portion of the neck. It soon widens out a little 
so as to become more than half as wide as the base of the neck. It joins 
the intestine in a somewhat indefinite manner. The length of the pos- 
terior part of the oesophagus may be judged by the fact that the distance 
from the anterior margin of the median bulb to the end of the oesophagus 
equals nearly half the length of the neck. In stained specimens the 
beginning of the intestine is indicated by the special cardiac cells of the 
intestine, which stain more strongly than the cells immediately behind 
them (fig. i). The intestine is made up of cells which are packed with 
spherical granules of various sizes and of more than one kind. The 
smallest of the granules of the smaller sort have a diameter considerably 
less than the width of one of the strise; the larger arc two or three times 
as wide. The fatty granules or accretions of the intestine, the granules 
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of the larger sort, arc of very much larger size and give to the organ its 
peculiar pearly appearance. 

From the inconspicuous anus the rectum leads inward and forward a 
distance about equal to the anal body diameter. The tail is conoid to 
the rather blunt roughly conoid terminus, 
which has a diameter about one-third ot 
one-fourth as great as that of the base of 
the tail. On each lateral'Une, a little in 
front of the beginning of the middle third 

of the tail, there is a minute pore, which ll'li i 

is possibly homologous with the single ^ vV'.| ■ 

papilla found in the corresponding posi- j MH 

tion on the tail of the male. The final « — \^T \\ IP'I' ^ 
striae are rather indefinite, so that the 
terminus appears almost as if not striated. ' — .K-^\ 

The lateral fields appear to be more tlian * 

one-third as wide as the body. The ex- 9 — 

cretory pore is rather conspicuous, as is 

the duct leading to it. Both walls of th^ ^ 

ductaredistinctlyrefractive.anditslumen 

may readily be seen. The pore is located ^ // v* 7 

about as far behind the median bulb as the ^ 

base of the spear is in front of it. Theducl MmMi 

leads backward adistanceequal to three to |^B| &■) 

four body widths, and there joins the rather j^||| 

small ellipsoidal reiiettc cell located on the EM/ it^P 

left-hand side of the body. The exact 

details of this renette cell are not yet clear. 

There is a conspicuous refractive cell of 

rather uniform granular texture located ^ 

just behind the excretory pore. This cell n. 

is longer than the body is wide, about one- / \j ^ 

third as wide as long, and has a strongly K^n, .duit 

refractivenucleusaboutone-fourthas wide lemaie. o, Up Tcgion; 6 , spear gmae-. 
as itself. Closely assodated with this cell Tpu": 

are two others of similar form but some- /, oesophacus-. median bulb; a, nerve 
what smaller, the three forming a clo«d 

tandem series twice as long as the body is vary gland; jn.m.endofovandn.ovum; 
wide. As a rule, the two posterior cells of 

this series exhibit peculiarities not shown urttecelU?); ..tenuinLis; l.cdudalpore; 
by the anterior cell; they do not stain so ;• *'■ 

strongly with carmine, and in general are 

less conspicuous. These three glandular cells empty through a narrow 
duct which enters the base ot the oesophagus in the rear of the nerve 
ring, passes through the median bulb, being diverted to pass around the 
central valve on its dorsal side, and extends thence onward to near the 


Fic. i.—T^rAz)ins siiJtiiis: Nearly adult 
lemale. o, Uip Tegion; A, spear guide; 
c. 3-bulbed base of spear; J. ampulla, 
salivary gland; t, ccsophageal lumen;' 
/, oesophacus; median bulb; A, nerve 
cells; t. nerve ring; J. excretory pore; 
A, initial mtestiaal cells; I, anterior sail- 
varygland; jn.m.endofovari'; ttpOvum; 
0, renette duct; p, posterior salivary 
gland; ?. fat granitic, intestine; r, re- 
uettecelU?); j, terminus; t.caudalpore; 
u vulva; v. anus; tc. crenaic cuticle; 
X, *. spermatozoa. 
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base of the spear, where the duct enlarges to form a distinct, elongated 
ampulla, emptying into the oesophageal lumen immediately behind the 
base of the spear. From the somewhat broadly elevated but otherwise 
not very conspicuous vulva the vagina leads inward at right angles to the 
ventral surface fully halfway across the body, where it joins the two uteri, 
one of which extends fonvard and the other backward. In the females 
found infesting sugar-cane roots on the Island of Kauai, in Hawaii, the 
thin-shelled eggs were observed to be about tvwce as long as the body is 
wide and fully five-sixths as wide as the body. They begin segmenta- 
tion before deposition. The blastomeres are rather coarsely granular. 

Male formula. ^ The male 

differs in many important respects from the female, not only in the 
form of the tail end but in that of the anterior extremity as well. The 
neck of the male tapers rather regularly from the intestine forward, though 
it decreases rather more rapidly in diameter anteriorly, where it ends in 
a short, somewhat subcylindrical or heniispherical lip region set off by a 
deep and distinct constriction. This lip region appears to be composed 
of about the same number of stria? as that of the female, and to have the 
same general structure in spite of its difference in form and size. The 
spear of the male, however, is very*weakly developed and is nothing like 
so efficient an organ as that of the female; in fact, at limes it is difficult 
to convince oneself that the male really possesses an oral spear. From 
the structure of the mouth of the male it appears somewhat doubtful 
whether he is able to make his way unaided into the tissues of the host 
plant. It seems more probable that he works his way into the cavities 
already created by the voracity of the female. 'I'hc bulbous base of the 
spear is no wider than one of the nearby aiinules of the cuticle, and the 
shaft at its widest part is considerably narrower than any of the annules 
of the cuticle. It tapers anteriorly to an excessively fine narrow point. 
The wings of the male arc similar to those of the female, but are hardly 
so strongly developed (fig. 2). The tail tapers from some distance in 
front of the anus and diminishes in size rather regularly to near the blunt 
terminus. The posterior portion is subeylindroid and ends in a bluntly 
• conoid teniiinus, which is about half as wide as the base of the tail, and 
which, like that of the female, is not provided with a spinneret. The 
bursal flaps spring from the submedian lines at a point just in front of 
the proximal ends of the spicula. When the body is seen in profile, the 
bursa extends beyond the ventral contour from opposite the proximal 
ends of the spicula to near the middle of the tail and continues almost to 
the end of the tail. Near the junction of the middle and anterior thirds 
of the tail there are two ventrally submedian, finger-shaped papillae, which 
extend into the bursa and appear to reach about halfway to its margin. 
The bursa, like the cuticle, is striated, and its margin is crenate. The 
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Fw. i.—T)knchursmilU: Male, a, 
Lip region: c. ba!>e o( the spear; e, 
CBSophugeal lumen; /. oesophagus; 
p, vestigeol Wulb; A. nerve cell; t. 
nerve ring: j. excretory pore; I, a 
nerve <ell: m. einl of testis; q. fat 
granule oi intestine; s. terminus: 
t, bursal papilla; r, acress3r> piece; 
I. spermatoroa; j'^^lclt spiculum; 
z, bursa. 1 


regular striations of the cuticle extend nearly to the terminus. The two 
equal, slightly arcuate, or nearly straight, tapering spicula arc about one 
and one-third times as long as the anal body diameter. Their proximal 
ends are cephalated by constriction. At their 
widest part, which is near the constriction, they 
are about one-fifth as wide as the corresponding 
portion of the body. Dislally they taper to a 
slightly blunt point. The accessory pieces are 
about half as long as the spioila and are placed 
parallel to them. Passing inward the accessory 
piece increases in thickness for some distance and 
then near the middle begins to taper and at the 
same time to curv^e away from the spicula almost 
imperceptibly. The 
accessory piece ap- 
pears to have at- 
tached to it muscles 
which pass back- 
ward, but the distal 
attachment of these 
muscles has not yet 
been made out. The 
single testis extends 
forward and has its 
tapering blind end 
located considerably 
behind the middle of 
the body. The proxi- 
mal portion of the 
testis is about one- 
half as wide as the 
corresponding por- 
tion of the body, 

I'he males are more 
rare than the females, 
the ratio appearing 
to be about i male to 
every 5 to 10 females. 

It is a rather re- 
markable feature of 
this species that the 

young have tails more blunt than the adults, the reverse being usually the 
case with nematodes. 

Habitat, (i) About the roots of bananas (Fiji); (2) in the roots of 
sugar cane (Kauai, Hawaii); (3) in the roots of bananas (Jamaica). 
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CONCLUSION 

On the basis of our present knowledge it is impossible to suggest the 
original habitat of this nematode. In view of its habits, its known 
distribution indicates that it is adapted to tropical and subtropical con- 
ditions of widely different character. Its infestation of plants differing 
from each other so widely as banana and sugar cane leads to the suspicion 
that it may be another addition to the already formidable list of nematode 
parasites which adapt themselves to a great variety of conditions. Its 
presence in Jamaica suggests the possibility of its introduction thence 
into Porto Rico and the southern portions of the mainland of the United 
States, where it would probably find suitable host plants in the sugar 
cane and might be expected to attack other plants. 

In one way this investigation of the anatomy of Tylenchus similis adds 
materially to our knowledge of the group of Tylcnchi to which it belongs. 
For a long time observers have noted in this group the presence of puz- 
zling tissues or organs near the base of the neck, and these have been 
described and figured in a way that indicated a very incomplete and 
unsatisfactory knowledge of their real nature; in fact, they have always 
been regarded •simply as constituents of the cardiac bulb. These re- 
searches prove that in TyUnchtis \imUis these peculiarities of the base of 
the neck arc due to the presence of a threefold gland emptying through 
the lumen of the cesophagus near the base of the spear. 

What appear to be homologous organs are known in other genera and 
are regarded as “salivary glands/’ admittedly more on the basis of their 
structure than on the results of physiological tests. However, the mor- 
phological evidence is very strongly in favor of the conclusions reached. 

The presence of such organs has not hitherto been noted in Tylenchus 
or any nearly related genus. The details of the organ are difficult to 
follow, but once they had been demonstrated it became evident that a 
similar organ exists in other species of Tylenchus, and it is especially 
interesting to note the presence of a similar organ in the well-known 7\ 
dipsaci Kiihn, or, as it is yet more commonly known, T. devastairix Kiihn, 
the devastating nematode, so often responsible in the past for great dam- 
age to bulbous crops, such as the onion and hyadnth. This similarity 
in structure between T. dipsaci and T. similis makes it all the easier on 
structural grounds to suspect T. similis of becoming a serious j^st when- 
ever it gets an opportunity. Whatever may be the cause, there is no 
doubt of the ability of this species rapidly to break down the tissues of 
the plants it attacks. One may now suspect, and on very good grounds, 
that this ability is due not only to the battering action of the oral spear 
but to the chemical action of a special secretion. Entirely in accord with 
these ideas is the absence of this organ in the male of T. similis; when 
the oral spear deteriorates, the gland deteriorates also. 
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Calcinm sulphate and sodium sulphate, an- 
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apple-blotch, source of infection of apple 

bilter-rot 61-64 

Citrus 97-100 
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apple bitter-rot 61-64 
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Increase in Sugar-Beet Root- Louse Colonies 

(paper) 241-350 
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JimsoQ weed. See Datura fatula. 

Jobo. Se*Spondias luUa. 



Apr.-Sept-. i9«s 


Index 


573 


Johnston. F. A.. Asparagus- Beetk Egg Para- 
site (paper) 

Karraker. P. E., (paper) Effect on Sml Mcas- 
ture of Changes in the Surface TentJon of 
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inoculation of, with Phema desintciha. . . 2-10, 12 
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fforis *63 
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Phoma Betae on the Leaves of the Sugar 

Beet 169-178 
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Nassvla tlegans, development of. in soil. ... 5*7 
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SoUmaccarutn. A (paper) 451-458 

Nasturtium. SeeTro^act/fur/r ?najW. Page 

anUteri. comparison with lUrpoIrt- 

ckia nigra 
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tion of dried blood 

forms of nitrogen in 46 

hydrolysis of 5° 

nitrification of, comparison with dried 
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on fiavor of milk 423-424 
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Pepper. See Capsicum aHnituin. 

Pfra«f»Ho irtehopknTum, development of, in 

soil 527 
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Phenol, germicidal eflidency ol 63, 89-90 

Phillips, W. J. (|KH)er) Further Studies of 
the Entbryologj- trf ToxopteraOraminum . 403-404 
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vulgaris 144-145.165 
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trichia nigra asa 

Pkyllodida— 

identity of, with Phoma hcloe 140-141 

relation of age of leaves of Bela vulgaris to 

infection by 170-17.1 

relation of, to Phoma betae 170-173 

lycoPerstci, f yii. Phoma destructha. 
solilaria, source of infection of apple bitter- 

rot 61-64 

Pitfa— 

host plant of HerPotrichia quingueseptaia. asa 

new leaf and twig disease of 251-354 

tilfeaensir. host plant of PAHna infiala 93 

Pierce. W. D. (paper) Some Sugar-Cane Root- 
Boring Weevils of the West Indies 2o5“*64 

9T2CI9‘’-ir 7 


Pigeon-pea. SeeCajanindUum. Page 

Pinttf— 

rrmioria, host plant of Rhizina infiata 94 

4fit'artcato,liostplant(^K/li:>nai)(/!ara 93 

marilima, hast plant of Rkizina injlata 9j 

mrmlicola, host plant of Rkizitia inflnta 93-94 

pinaster, host plant of Rkhina in/lata 93 

PonJerosa. host plant of Rhizina in/lota .... 94 

spp., host plants of Neapeckia coulleri J51 

stfabus, host plant of Rhiana inplata 93 

sylvesiris, host plant of Rhizina injlata 93 

Pis-um sativum, inoculation of, with Phoma 

deUruclhia is 

Plant— 

cbloropiasis of J9S 

chromoplasts of 395 

nature of color of 294-796 

plastiil color substances of 295 

tvatcr requirement of, influence of bybridi- 

laiion and cross-pollination on 391-403 

Poa pralensis, liiberiiatiun tif prosopalhrips 

iugnalus in 223 

Pool. V.W\. and McKay.M.B. (paper) Phoma 
Betae oil the Leaves <;( iheSiipir'Beet . . . 169-178 
Populus— 

ongusli/olia. source of Infestation of Pemphi- 
gus betae 249 

bolsdmifera, source d infestation of Pemplii- 

■7 gus betae 249 

.vpii., source <if iiifevitalinii of Pemphigtts 

betae 343,346,249 

Pirthclria dispar~- 

dislribuiion ol will. of 102-104 

epidemiology of wik of iw-i«4 

etiology of wilt of nS“i36 

pathology of blood of 109-112 

pathologj* of tissues of 109-112, 114 

pathology of wilt of 104-115 

relation of climate to wilt of 103-104 

wilcof TB1-12S 

Potato- 

See Solanum tuberosum. 
sweet. See tpomoea balnlns. 

Potato-scab organism, effect of temperature 

on germiaatioQ and growth of 129-133 

Prickly-pear. See Opuntia. 

Pri^ly-Pcars as a Feed for Dairy Cows 

(paper) 405-450 

PrnreefoKorvM. development of. in soil. 541-542. 556 
PiosoPotkrips cognatus— 

control of 

i)i;srriiiliaii of 219-220 

distribution of 219 

enemies of 223 

foudpbutsof 

I generations of 2:0 

! hihemation of .'22-2:3 

injury to Tritjfumsiui. by 221-222 

life history of 219-2:0 

! Proteiii— 

[ comparison of, with phosphorus in feed ... 408 

1 relation of, to gain in weight erf lambs 462 


Protozoa — 

development of— 

from field 5(^ 

from groenhouse soils. . 
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Protozoa — Continued. Page 

soil— -Continued, 
development of— 

from comixjst soils 527 

in culture solutions 

effect of temperature on development 

of S 42 'SS 7 

method for counting 511-516 

Pimdomtmas cilri, description of 99-i«. 

Pseudomonas Citri, the Cause of Citrus Can- 
ker (paper) 97“^“ 

Pseudotstiga — 

douglasii, host plant of Rkkina injlala. 93 

iazifolia— 

distillation of, rtjmparison with Macro- 

cy!li! pyrifera S 5 

host plant of Khisina in/iata 94 

Psidiun guejava, food plant of DiaprePes 

tpengirri ipengUri s6i 

Puccinia gramini ! — 

(rxnae, inoculation of >94 

grotvth of, in host plants 193-198 

histology of hyphal invasion of 195-198 

kerdei, inoculation of 194 

hyphee of lOS-'?® 

immunity of certain plants to i9J-i98 

resistance of certain plants to »93-«v8 

fn'Jicj, inoculation of ■ >94 

Pythium debaryanun— , 

(.'ausal organism of damping-off of Bela 

vulgaris 159-161,1^5 

resemblanee of, to Rheosparangium aphani- 
dcrmulvm *79 


Quality, inheritance of, in Vitis spp .l*3“i*4 

Quercus spp., distillatiwi of, ccrmparisou with 
MttcrocyslL pyrifera 55 


Radish. See RaPhanus sativut. 

Kaphanus salh-us, host plant of RhtesoPoran- 

gium nphantdermaiiim * 79 -* 9 * 

Ra:(niViofskya-~ 

amtricana, host plant of WaUrnthielto orceii- 

thobii J7* 

clmnilasii, host plant of Wallfcthiella mcfu- 

lliobsi 37* 

pusilla, host plant ol yVailrolhietla arceu- 

thchi 37«>-37* 

■Relation between Puccinia Graminis and 
Plants Highly Resistant to Its Attack 
(paper) 193-200 

Rheosporangium — 

description of 29* 

aPkanidermalum— 

description of *9* 

life history ol 279-283 

morphology of *79-289 

resemblanceto Py/Amw defcoryonnw 279 

taxonomy of 2S9-291 

Rhcosporangiuin Aphanidermatum, a New 
Genus and Species of Fungus Paraatic on 

Sugar Beets and Radishes (paper) 379-292 

Rkidna— 


infiaia — 

host plants uf 93”94 

ubservations on . 93~96 

parasitism of 93“94 


UTtdulala, syn. Rhizina in^ato. 


Rkicocionia sp.— Page 

cansalorgaiiismof discasesof Belavulgaris. . 151- 
rS 9 . 165 

conditioas inffuendag infection by 155-159 

description of 153 

distrilmtian of 154-155 

inoculation cJ Beta vulgaris with 253-154 

R^optts nigricans, causal organism of root 

rirkness of fie/a r-'u/t/a/is 163-164 

Ricittus comtHunis. food plant of Diaprr.pes 

spenglerifeslivus 262 

Rietz, H. L., and Roberts, R. (paper). De- 
gree U Resemblance of rareats and Off- 
spring with Respect to Birth a.s Twins for 

Registered Shropshire Sheep 479-510 

Ripening season, effect of heredity cm. in Vitis 

spp 3*6-327 

Roberts. E., and Rieti, H. L- (paper) De- 
gree of ResembUnee of Parents and Off- 
spring with Respect toBirIh os Twins for 

Registered Shropshire Sheep 479-510 

Robert', J. \V. (paper) Sources of the Early 

Infections of Apple Bitter-Rut 59-64 

Root, production of. relation to antagrmism 

between anions sn 

Root louse, sugar-beet, influence of soil mois- 
ture upon increase of 241-250 

See also Pemphigus heUte. 

Root-rot. relation of, to seedling diseases of 

Dcio vulgaris 135-168 

Root sicknes.s— 

description ol 135-136 

occurrence of, on Beta x-ulgaris X49- 

• 5 * 1 1541163-164 

Rasa spp., food plants of DiaPrePes spcngleri 

sPengleri a6i 

Ross. E. L-. Keitb. M. H.. and Grindley, H. 

S. {pa per) Phosphorus Metabolism of I.amhs 
Fed a Ration of Alfalfa Hay, Com. end Lin- 
seed Mea! 4 S 9 “ 4‘3 

Rot- 

bitter, of apple, sources of early infections of 59-64 
crown, relation of, to seedling diseases of ‘ 

Belavulgaris 135-168 

dry, of SofaBum ftifrererum. caused by 

Sponguspina suttlerroaea 272-273 

field, occurrence of, on Beta vulgaris >44' US 

fruit, of LvcoPcrstcon escvlcnlum :-20 

root, relation of. to seedling diseases of 

Belavulgaris 135-168 

storage, occurrence of, cm Bela vulgaris . . . 144-145 
Ruchle, G.T.. A. (paper ) Methods of Bacterial 

Anals-ses of Air 343-368 

Rye. See Secale cereaU. 

Saccharum offletHorum— 

food plant of Dwpre/^r spp 255**64 

root disease of 561-568 

Salts— 
effect d — 

on physical properties cJ soil 191-192 

on physical properties soil solutions ... 187 

fertilizer, effect of. on moisture content of 

soils 189-151 

relation of— - 

to growth of plants *>S 

to nitrification of soil 213-2*5 

toxicity of, for Horrf/rum spp.. 203,2*4-2*6 

Sap, cell, color substance of 295-296 
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Page 

Scab, potato, effect of temperature on ccrmi- 

nation and growth of 1*9-134 

Schattenlroh, A., method of disinlccting 

hides 65-67,87-89,90-91 

Secalt cereaU, inoculation of, with Puccinia 

fframinis 197 

Seed, relation of, to infection by Pkoma betae. 141 
Seedling Diseases of Sugar Beets and Their 
Relation to Root-Rot and Crovm-Rot 

(paper) 135-168 

Self-sterility, in Viiw spp 318-319 

Sex, inheritance in ViJwspp 3*0 

Seymour-Joncs, A., method of disinfecting 

hides 65-wi7, 87-89, 90-91 

Shantz, H. L., and Briggs, L. J. (paper) In- 
fluence cf Hybridization and Cross-Pollina- 
tion on tlieWaterReuuirwnwit of Plants. .391-40* 
Shapovalov, Jf. (paper) Effect of Tempera- 
ture on Germination and Growth of the 

Common Potato^cab Organism isiri34 

Sheep, Shropshire— 

degree of resemblance of parents and off- 
spring with respect tobirtli as twius for . 479-510 

Skin, color of. inheritance in V»f»r spp .310-3*3 

Soapugur, toxic effect of, on .Ijcoc/tyfocfcwah- 

rfina 33'‘^339 

Soap and sulphur, mixture of, effect on leaf- 
spot and stem-rot of CUmalis paniculota. . 356-557 
Sodium- 


carbonate— 

and sodhim chlorid, antagonism be- 
tween SCO-*©? 

and sodium sulphate, imtaguniMii be- 
tween Z07-2©S 

effect of, oil fual }i5 

foxidty of, (or Horffeuw spp i©5-j«S 

chlorid— 

and sodium carbonate, antagonism be- 
tween jo6-h37 

and sodium sulphate, antagonism be- 
tween 204-706 

effect of. on laxative property of OPttnlia 

spp 4*7 

germicidal efficiwicy of 74-78,82-89 

toxicity of, for Hordcaw spp 203,214-216 

sulphate — 

and calcium sulphate, nnlugonisni be- 
tween 20S-211 

and sodium carbonate, antagonism be- 
tween 207-20S 

and sodium chlorid, antagonism between 204-206 

toxicity of. for Uordeum spp 203. 214-216 

siilphid, geriiiicidal effinency trf 76-7 

Soil- 


effect of soluble salts on 187-192 

neulnilizalioti of alkali in 213 

relation of salts to nitriffcation of 213-215 

relation of, to infection- 

by RhizoLloiuit sp iSb-159 

by i’homa betae 141 

Soil moisture— 

efTecl un, of changes in the surface tension of 
the soil solution brought about by the ad- 
dition of soluble salts i87-;92 

influence of, upon rate of increase in sugar- 
beet root- louse colonies 241-350 


Page 

Seal Protozoa (jiaper) 511-560 

So/osicm — 

tmUme^erui, iuocufatioii of, witli Phnma de- 

sirudiva 10 

tvberoswn — 

host plant ol Spon^spora sitbUrrana . .. . 265 

iofectinn of, by pla-siuodium cf Spmijit- 

spora eublerranea 266-277 

inoculation of, with Pkoma destructha. . . lo-ir 
Some Sugar-Cane Root-Boring Weevils of the 
Wt!.t Indies (paper) 255-264 


hay— 

aiuilj'sisof 439-440 

digestibility 418-421 

effect of— 

on body weight of dairy cows , 41 1-41*, 457-438 

ontnillc production 411,435 

energy value of 414 

lalluenee of, on milk fat 4*2-423 

niitrientsof— 

consumed by dairy «W5.. 440-44* 

digested byilairycuws 413,443-444 

nutritive value of 416-417 

silage — 
efftvt of— 

on body weights of dairy cows 412, 458 

ou milk iiro'liK'liun 411,436 

, frnergy value of 414 

influence of. on milk fat 4*2-423 


nutrients of. digested by dairy cows , , 


443-441 

nutritive value cf 416-417 

Sorghum ^-ulgarc— 

effect of available nitrogen on hj drocyanic- 

acid content of 180-184 

hydrocyanic-acid content of 179-185 

Sorgo. Orange. SceSor^lium vuigare. 

Sources of the Early Infectious t>f .^pj*!e Kit- 

ter-Koi (paper) .39-64 

Species, new 99. 252. 29t,477 

Spheieria drceufAo6it, syn. iVallrothUlla arccu- 

ikobii 369 

Spondtaf Itilea, food plant of Diaprepcs j>cn- 

gleti 260-261 

SpimgoiPorii i*/7r/rrrfin<>a— 
infection of Solanum teJierosuin by plasiuo- 

dittmof 266-277 

life history of 265-278 

production of plasmodia in spores of *75-277 

spore cermioation of *74-*'S 

Spore, anthrax, disinfection of hides infected 

with 65-92 

Spraying, effect of. on leaf-spot and stem-rot 

of Clematis Paniculata 556-340 

Stakman. E. C. (paper) Relation between 
Puccinia Graminis and Plants Highly Re- 
sistant to Its Attack 193-2C0 

Stern-rot, control of, on Clcoults panifula/rt 335-340 
Stewart, G. R. (liajar) Availability of (he 

Xitrogen in Pacific Coast Kelps *i-j8 

Storage-rot, occurrence of. on Bela vutgarii. 144-145 
Sugar beet— 

See Brla luigetTi.c. 

root louse. Seo Pemphigus helae. 

Sugar cane — 

root-boring weevils of the West Indies . . . 255-264 
See Saccharum ol^dnaru m. 
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Sulphur— Page 

forms of, la kelp S>-S» 

injurious effect of, on leaf-spot and stem-rot 

ol Clemaiii paniculaia 337“338 

Sweet-potato. See Iparwea batatas. 


SynlherisvM sanfumalis, food plant of /'ro- 
sopotkrips cotmalvs 


Talliaan, W. D.. and Miller, R. F. (paper) 
Tensile Sttenpth and Elasticity of Wool. 570-390 
Tanning, effect of disinfection of hides upon. 90-91 
Temperature- 
effect of — 

on development of soil protozoa 54»-S57 

on germination and growth of potato- 

scab organism rt9-i3t 

relation of, to infection by Rhi2oclonia sp... 159 

Tensile Strength and Elasticity of Wool 

(paper) 57>*390 

Teosinte. See Euchlaena intxkana. 

Tetrastickus— 

atpcifOii--~ 

comparison of. with T. hyiolomae 304 

clescriptiou of 304 

distribution of 305 

feeding habits of. 30s 

importance of 3ti-3i» 

life history of 3*^3” 

parasite of Crwceris asparovi .W3^ 

hylolonuK, comparison of, with T- asparavi. 304 

Thrips, wheat, a new ai9-j3'4 

See also Prosopothript co^atus. 

Tilley, F. W. (paper) A Bacteriological Study 
of Methods for the Disinfection of Hides 

Infected with Anthrax Spur® 

Tissue, gipsy-rnoth caterpillar, pathology of 109- 
zia.ii4 

Tobacco. See Nkcliana spp. 

Tomato. See I.ya’petsium esrulenlum. 

Tosophraaraminum, embryology of. 403-404 

Tfinema anchelys, development of, in soil 5a7 

Tripkkps tnsidwsus, parasite of Prosopolhrips 

cognatus a23 

Tripsacun daciyloxdes, hibernation of Pro- 

soPothripscegnatusks 353 

Tfilicum— 

aestivuvi, water requirement of 400 

(furMffi, water requirement of 399-400 

vulgare, hibernation of Vrosopothrips cogtia- 

Jwiin 243-323 

spp.— 

comfwrison of water requ'iiemciit of hy- 
brid and parents of 399-400 

food plant of Prow/>ci/iiri^y cognolus... . aao-ait 
injury to. by ProsopiiikTips coifnalus . . . 221-222 
inoculation of, with Puednia ofaminis. . . 194 

Tropatiilwm magus — 

effect of Bacterium solanuiearum oti tissues 


of 4S5"450 

susceptibility of. to infection by Badertum 

solanacearum . 454“455 

Tsuga— 

kiieropkylla. host plant of RhizinainJUiJa.. 93-94 
»ttfrr<«ny!<irja, host plant of Rht:inainjiata.. 93 
Turner, W, F., etal. (paper) Prickly-i’ears as 
a Feed for Dairy Cows 405-450 


Page 

Twins, Shropshire sheep, resemblance of 

pamits and offering of 479-510 

TjifencitM — 

devaslatrit, syn. T. dipsaci. 

comparison of. with T. similis 568 

similis — 

comparison of. with T. dipsad 568 

descriptioa of $62-567 

distribution of 561-562,567 

Tylenchus Similis, the Cause a Root Dis- 
ease of Sugar Cane and Banana (paper).. 561-568 
Urine, lamb — 

nualysisof 463-464 

phosphorus content of 463-47* 

(.Vofoptwr 4nU2CufK;. devctopmenl of, Insoil. 527 


Variety, new 263 

Ver^>^na spp-, host plants of Bccterium tc>h»a~ 

(earum 45>”4S3 

Vih; — 
spp-— 

aoss-pollmation of 315-330 

effect of heredity on seasAit of ripening of 326-3:7 

inheritance in form of berry of 3*5-326 

inheritance of color of skin of 3:0-323 

inberitauce of quality in 3:3-324 

iiiheritauce of sex in 3«0 

inheritance of size of berry of 325 

new varieties of 337 

sell-sterility of 318-319 

-.inifrra. use of. ill brecling e.vpcriineiils. 316-317 
Viyrlifj'Ua spp-, development of. 111 soil. .. . 341,536 


WallrolbicIIa Arccuthobii (paper) 369-378 

WaUrothiellc arctuthobii— 

biology of 374-376 

rlislrihution of . . 370-372 

ecology of 3:6-377 

host plants of 37»-373 

morphology of 3T3“374 


relation of, to taxonomy of its host plants. 372-373 
Water- 


irrigation, agency in dissemination of 

PhotuabHlae >73-174 

reciuireuient of plauts, iuflucuce of hybridi- 
zation and cross-pollination on 391-403 

W'eed, Jimsnii. Sec Datura talula. 

Weevil, root-boring, occurrence of, on Sac- 

ihatutn officincrum in W'est Indies 235-264 

Weir, J.*R. (paper)— 

A New I,eaf and Twig Disease of Picea 

Engelmanui 251-254 

Observ. tions on Rhizina [nflata 93-96 

W'allrothiella Arccuthobii 369-378 

West, R. M., and Willaman, J. J. (paper) 

Notes on the Hydrocj-anic-Acid Content of 

Sorghum 179-185 

West Indies, sugar-cane root-boring weevils 

WTieat— ^ 

bran- 

analysts of 439-440 

energy value of 413-4:4 

nutrients of. consumed by dairy cows . 440-442 
See Triticum spp. 

thrips, new 219-224 
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Willaman, J. J., and West, R. M. (paper) 

Notes on the Hydrocyanic-Add Content ol 


Sorghum I79“r8s I 

Wilt— 

gipsy-moth caterpillar — 

distribution of jm-iq4 

epidemiology of 

etiology of 115-126 

pathology of J04-11S 

relation of climate to : loj-isi* 

nasturtium, caused by BacUrium jiJima- 

ceamw 45>”458 

Wilt of Gipsy-Moth Caterpillars (paper). . . . loi-VsR 
Wind, agency in dissemination of Pkoma 

beiae » 73 -t 74 

Woodward, T. E-. Turner, W. F., and 
Griffiths, D. (paper) Prickly- Pears as a 
Feed for Dairy Cows 405*450 


Wool— Pace 

fiber- 

breaking stress of 380-382,590 

elastic limit of 382-384,390 

tensile strength of 381-382 

testing apiuratus. description of 384-385 

tensile strength and elasticity of .3-0-390 


Zea mays — 

cuinparisou of dry matter produced by 

hybrid and parents trf 398 

comparison of water requirement of hi'brid 

aud parents of 392-400 

effect of cross-pollination on water require- 
ment of 401-402 

eUal of self-pollination on water require- 
ment of 401-402 

food plaut ol Diaprepcs jptntlcri/eslK>us 263 

water requirement^ 39r'4«> 
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